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PHASE SHIFT COLLOIDS AS ULTRASOUND CONTRAST AGENTS 

RELATED APPLICATIONS 

This application is a continuation-in-part of 
pending application S.N. 08/148,284 filed November 8, 
5 1993 which is a continuation-in-part of pending 

application S.N. 08/008,172, filed January 25, 1993. 

FIELD OF THE INVENTION 

The present invention is directed to contrast 
agents for biomedical use comprising aqueous 

10 colloidal dispersions. More specifically, the 

present invention is directed to liquid in liquid 
emulsions in which the dispersed liquid undergoes a 
temperature or pressure activated phase shift from a 
dispersed liquid to a dispersed gaseous form which is 

15 efficient in reflecting ultrasound energy in a manner 

which is diagnostically useful. 

BACKGROUND OF THE INVENTION 

Various contrast agents for use with diagnostic 
ultrasound, including echocardiography, have been f 

20 described. A review of the subject is found in Ophir 

and Parker, Ultraaound in Med. & Biol. (1989), 
15:319-333. The acoustic backseat ter arising from 
these agents, the property typically associated with 
the contrast effect, can be attributed to unique 

25 properties which they possess as solids, liquids or 

gases. While solids and liquids reflect sound to a 
similar degree, gases are known to be more efficient 
and are the preferred media for the development of 
ultrasound contrast agents. 

30 Known liquid agents for ultrasound include 

emulsions and aqueous solutions. About these the 
authors of the above review stated, "the idea of 
using liquid emulsions of certain lipids in aqueous 
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vehicles was tested by Fink et al. (1985) . 
Unfortunately, no enhancement of backseat ter was 
observable in these experiments . " 

Known solid agents include collagen 
5 microspheres. However, the poor acoustic backscatter 

of the solid- liquid interface prevents their wide 
spread use. 

Known gaseous agents include microbubbles 
stabilized by the addition of various amphiphilic 

10 materials to the aqueous media , by materials that 

increase viscosity, and gaseous precursors, either as 
solid particles or liposomes. However, the liposomes 
can only contain water soluble gases and are thus 
limited in the stability of the microbubbles they can 

15 form, since one of the characteristic physical 

properties of many of the chemicals which form 
especially stable microbubbles is immiscibility in 
water. The solid particles must be reconstituted 
immediately before use, requiring extensive 

20 preparation, and must be used quickly, since the 

microbubbles disappear soon after the particles have 
completely dissolved. My own prior U.S. patent ■ 
application S.N. 07/761,311 is directed to methods of 
determining the relative usefulness of gases as 

25 ultrasound contrast agents, and identifies 

particularly useful gases for that purpose. 

One study has been identified which used the 
injection of a liquid which boils at a temperature 
below the boiling point of the organism under study 

30 to enhance the ultrasound Doppler signal (Ziskin MC, 

Bonakdarpour A, Weinstein DP, Lynch PR: Contrast 
Agents For Diagnostic Ultrasound, Investigative 
Radiology 7:500-505, 1972). In this study a number 
of solutions or liquids were injected intraarterial ly 

35 into dogs and the Doppler signal detected five cm 

below the injection site. This study reported that, 
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"ether, which produced the greatest contrast effect 
of any agent that we tried, is a liquid which boils 
vigorously at body temperature and therefore acts as 
a very active source of bubbles." The report further 
5 stated that "ether, however, is a toxic substance 

when injected in large amounts. Injections of 20 mL 
proved fatal in our experiments." This paper does 
not discuss methods of stabilizing any materials 
suitable for later use as ultrasound agents. Non- 
10 colloidal ether is too toxic for intravenous 

administration, where the greatest need for a useful 
contrast agent exists. 

The biocompatability of emulsions which include 
f luorocarbons is a serious safety concern. For 
15 example, Clark et al. (Clark LC, Becattini F, Kaplan 

S: Can fluorocarbon emulsions be used as artificial 
blood? Triangle 11:115-122, 1972) state, in speaking 
about the choice of fluorocarbon, "their vapor 
pressures range from zero to about 640 torr. Those 
20 with vapor pressures over 400 torr, of course, cannot 

be used because they would boil when infused in the 
blood stream." Later in the same article they state, 
"If a fluorocarbon with a vapor pressure of over 50 
torr is given intravenously, death results in a few 
25 hour 8, and when the chest is opened, the lungs do not 

collapse." The same author, L.C. Clark, reports a 
similar conclusion exactly twenty years later, "If 
practical methods cannot be found to prevent or 
counteract HNCL (hyper inflated non-collapsible 
30 lungs) , and if HNCL occurs in other species, then 

only f luorocarbons boiling above 150°C can be 
considered safe," Clark CL, Hoffmann RE, Davis SL: 
Response of the rabbit lung as a criterion of safety 
for fluorocarbon breathing and blood substitutes, 
35 Biomat., Art. Cells & Immob. Biotech., 20:1065-1099, 

1992. 
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The stability of liquid-liquid emulsions 
presents another problem. A body of knowledge 
surrounds the stability of emulsions and the ability 
to predict stability from solubility; this theory is 
5 called the Ostwald ripening theory (Kabalnov AS, 

Shchukin ED; Ostwald Ripening Theory; Applications 

To Fluorocarbon Emulsion Stability. Advances in 
Colloid and Interface Science, 36:69-97, 1992). This 
paper states, simply, that the more soluble is the 

10 dispersed phase liquid of an emulsion in the 

continuous phase, the less stable is the emulsion. 
These same authors tested the stability of a 
dodecaf luoropentane emulsion at 25°C (Kabalnov AS, 
Makarov KN, Shcherbakova 0V: Solubility of 

15 f luorocarbons in water as a key parameter determining 

fluorocarbon emulsion stability. J Fluorine 
Chemistry 50:271-284, 1990). They determined that * 
their emulsion had an Ostwald ripening rate of .1.41 x 
10"" cm 3 /s. Converting this rate constant into useful 

20 terms shows that Kabalnow et al's dodecaf luoropentjane 

emulsion, which had an initial size of 211 nm, would 
experience a particle mean diameter growth rate of 11 
nm/sec or 660 nm/minute. At this rate of particle 
growth, such an emulsion would have a shelf life of 

25 leas than a minute, and therefore be unworkable as a 

commercial product. 

Thus, there is a need for an effective 
ultrasound contrast composition with extended shelf 
life, which is relatively easy to manufacture , and 

30 which is biocompatible and convenient to use. 

SUMMARY QF THE INVENTION 

In order to meet these needs, the present 
invention is directed to stable colloidal dispersions 
of the liquid-in-liquid type. The colloids are 
35 composed of a liquid dispersed phase which has a 
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boiling point below the body temperature of the 
organism on which an ultrasound contrast study is 
desired, typically about 37-40°C. These emulsions 
are preferably composed of a dispersed phase liquid 
5 which has a boiling point between -20 and 37°C. 

Preferably the liquid dispersed phase is 
selected from the group of chemicals consisting of 
aliphatic hydrocarbons, organic halides or ethers, or 
combinations thereof, which have six or fewer carbon 

10 atoms and an upper limit of molecular weight of about 

300. Among organic halides, the fluorine -containing 
chemicals are preferred, since they form stable 
emulsions and are relatively non-toxic. Especially 
preferred are n-pentane, isopentane, neopentane, 

15 cyclopentane, butane, cyclobutane, decaf luorobutane ,. 

dodecaf luoropentane, dodecaf luoroneopentane, 
perfluorocyclopentane and mixtures thereof: 
Preferably, the colloidal dispersion contains the 
dispersed phase at a concentration of 0.05 to 5.0* 

20 w/v. Optimally, the concentration range is 0.5 tc 

3.5% w/v. 1 
The colloidal dispersion can be stabilized by 
the addition of various araphiphilic materials, 
including anionic, nonionic, cat ionic, and 

25 zwitterionic surfactants, which typically lower the 

interfacial tension between the dispersed liquid and 
water to below 26 dynes /cm. Optimally, these 
materials are nonionic, synthetic surfactant 
mixtures, containing a fluorine -containing 

30 surfactant, such as the Zonyl brand series and a 

polyoxypropylene-polyoxyethylene glycol nonionic 
block copolymer. 

The liquid continuous phase of the colloidal 
* dispersion comprises an aqueous medium. This medium 

35 can contain various additives to assist in 

stabilizing the dispersed phase or in rendering the 
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formulation biocompatible. Acceptable additives 
include acidifying agents, alkalizing agents, 
antimicrobial preservatives, antioxidants, buffering 
agents, chelating agents,, suspending and/or 
5 viscosity- increasing agents, including triodobenzene 

derivatives, such as iohexol or iopamidol, and 
tonicity agents. Preferably, agents to control the 
pH, tonicity, and increase viscosity are included. 
Optimally, a tonicity of at least 250 tnOsm is 

10 achieved with an agent which also increases 

viscosity, such as sorbitol or sucrose. 

The colloidal dispersions are typically formed 
by comminuting a suspension of the dispersed phase in 
the continuous phase by the application of 

15 mechanical, manual, or acoustic energy. Condensation 

of the dispersed phase into the continuous phase is. t 
also acceptable. The preferred mode is to use high- ! 
pressure comminution. 

T?fiTftT T FfP pEfiCRIPTION OF THE INVENTION 

20 The invention relates to agents that enhance the 

contrast in an ultrasound image generated for use jin 
medical and veterinary diagnosis. These agents ar?e 
comprised of biocompatible colloidal dispersions in 
which the dispersed phase is a liquid under the 

25 conditions of the manufacturing process and which 

undergoes a phase shift to become a dispersed gas or 
Icugelschaum at or about the time of administration to 
the organism under study. 

In order to provide a clear and consistent 

30 understanding of the present invention and claims, 

including the scope given to such terms, the 
following definitions relating to the invention are 
provided: 

Colloidal Dispersion : A system having at least 
35 one substance as a liquid or gas (the dispersed 
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phase) which is immiscible and finely divided and 

distributed evenly throughout at least one second 

substance which forms the dispersion medium or 

continuous liquid phase. 
5 Biocompatible : Capable of performing functions 

within or upon a living organism in an acceptable 

manner, without undue toxicity or physiological or 

pharmacological effects. 

Liquid i The state of matter in which a substance 
10 or substances exhibit (s) a characteristic readiness 

to flow, little or no tendency to disperse, and 

relatively high incompressibility. 

Gas : The state of matter of a substance or 

substances which is distinguished from the solid or 
15 liquid states by very low density and viscosity, 

relatively great expansion and contraction with 

changes in temperature and pressure, and the 

spontaneous tendency to become distributed uniformly 

throughout any container. 
20 Phase Shift ; A change of state between liquid! 

and gas due to changes in temperature and/or j 

pressure* 

Kugelflchaum : One of the two forms of foams in 
the classification of Manegold (Manegold, E . "Schaum, 
25 Strassenbau, Chemie und technik." Heidelberg, 1953, 

which is incorporated herein by reference) . 
Specifically, the kugelschaum or spherical foam, 
consists of widely separated spherical bubbles and is 
distinct from the polyederschaum or polyhedral foams, 
30 which consist of bubbles that are nearly polyhedral 

in shape, having narrow lamellar films of very low 
curvature separating the dispersed phase. 

Low Boiling Liquid ; A liquid with a boiling 
• point, under standard pressure conditions, below 40° 

35 C. Low boiling liquids useful in the invention 

include, but are not limited to, hydrocarbons, 
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organic halides, and ethers, where, in any case, the 
molecule has 6 carbon atoms or less. 

Aliphatic Hydrocarbons : The group of alkane, 
alkene, alkyne, cycloalkane, and cycloalkene organic 
5 compounds. Of these, only compounds having boiling 

points below about 40°C (such as those having six or 
fewer carbon atoms) and which are thus capable of 
undergoing a liquid to gas phase transition after 
administration to a subject from part of this 

10 invention. Aliphatic hydrocarbons useful in the 

invention include, but are not limited to, those 
selected from the chemical group: Isobutane; 
Isobutylene; 1-Butene; 1, 3 -Butadiene; n-Butane; 2- 
Butene {trans}; 2-Butene {cis}; Vinyl acetylene; 1- 

15 Butyne; Neopentane; Butadiyne; 1, 2 -Butadiene; 

Cyclobutane ; 1 -Butene , 3 -methyl ; Cyclopropane , 1,1-;; 
dimethyl; 1, 3-Dioxolane-2-one, 4-methyl; 3-Butene-2- 
one, 4-phenyl {trans}; 1, 5-Heptadiyne; 1,4- 
Pent adiene ; 2 - Butyne ; Butane , 2 -methyl ; Cyclopropane , 

20 1,2-dimethyl {trans, dl}; 1-Butyne, 3-raethyl; 1- 

Pentene; 1-Butene, 2-methyl; 1,3 -But adiene, 2-meth^l; 
1 -Butene- 3 -yne, 2-methyl; Isoprene; Cyclopropane, 
ethyl; n-Pentane; Cyclobutane, methyl; 2-Pentene 
{ trans } ; 2 - Pentene { cis } ; Cyclopropane , 1,2 -dimethyl 

25 {cis}; and l-Nonene-3-yne. 

organic Hal ideas The group of compounds 
containing at least one carbon or sulfur atom and at 
least one halogen atom, i.e., chlorine, bromine, 
fluorine, or iodine. Of these, only the members of 

30 the group having boiling points below about 40°C 

(such as those with six or fewer carbon atoms) which 
are capable of undergoing a phase transition upon 
administration to an organism with a body temperature 
of up to 40°C form part of the invention. Examples 

35 of such organic halides include: Methane, 

tetrafluoro; Methane, chlorotrif luoro; Ethane, 
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hexafluoro; Ethane, perfluoro; Methane, fluoro; 
Ethylene, tetrafluoro; Sulfur hexaf luoride ; Methane, 
bromotrifluoro; Methane, difluoro; and like 
compounds. 

5 Ethers : The class of organic compounds in which 

two hydrocarbon groups or derivatives thereof are 
linked by an oxygen atom. For the purposes of the 
present invention the following are examples of some, 
but not necessarily all, ethers which can be used: 

10 methyl ether, ethyl methyl ether, methyl vinyl ether > 

, methyl isopiropyl ether, 1,2-epoxypropyl ether, 
diethyl ether, ethyl vinyl ether, and vinyl ether. 

Fluorine - Containing Compounds: A compound 
containing at least one fluorine atom. Some useful 

15 fluorine -containing compounds are listed above as 

organic halides. See also the examples below. 

The colloidal dispersions of the invention can 
be emulsions or microemulsions. 

Emulsion ; A colloidal dispersion of one 

20 immiscible liquid dispersed in another liquid in tjie 

form of droplets, whose diameter, in general, are j 
between 100 and 3000 nm and which is typically 
optically opaque, unless the dispersed and continuous 
phases are refractive index matched. Such systems 

25 possess a limited stability, generally defined by the 

application or relevant reference system, which may 
be enhanced by the addition of araphiphilic materials 
or viscosity enhancers. 

Microemulsiom A stable liquid monophasic and 

30 optically isotropic colloidal dispersion of water and 

water- immiscible liquids stabilized by amphiphilic 
materials in which the dispersions have appreciable 
light scattering properties (meaning they can appear 
optically clear or milky but are reddish or yellowish 

35 if observed by transmitted light) and the diameters 
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of the particles are, in general, between 5 and 
approximately 140 nm. 

In a preferred embodiment of the present 
invention, the colloidal dispersion contains one or 
more amphiphilic materials to improve the stability 
of the formulation. 

Amphiphilic Material: A substance which is 
strongly adsorbed at an interface and which normally 
produces a dramatic reduction in the interfacial 
tension with small changes in the bulk phase 
concentration. Examples include synthetic 
surfactants, naturally occurring materials such as 
biocompatible proteins, lipids, sterols, alginates, 
cellulose derivatives, and finely divided organic or 
inorganic particulate solids. 

Organic Particul ate Solids : include sugars, 
proteins, amino acids, lipids, nucleic acids, and 
others. 

Inorganic Particulate Solids; include aluminaf , 
carbonates, bicarbonates, silicates, 
aluminasilicates, phosphates, and others. I 

Interface s The region or boundary of the f 
physical world that lies between two distinct and 
identifiable phases of matter, herein limited to 
liquid* liquid, liquid-solid, solid-gas, and liquid- 
gas. 

Interfacial Tension: The force per length which 
exists at the interface between two distinct and 
identifiable phases of matter. 

Stability : The time lapse from initial 
preparation and packaging during which a colloidal 
dispersion continues to fulfill all chemical and 
physical specifications with respect to identity, 
strength, quality, and purity which have been 
established according to the principles of Good 
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Manufacturing Practice, as set forth by appropriate 
governmental regulatory bodies. 

Surfactants : The group of amphiphilic materials 
which are manufactured by chemical processes or 
5 purified from natural sources or processes. These 

can be anionic, cat ionic, nonionic, and zwitterionic, 
as are well known in the art. Such materials are 
described in Emulsions: Theory and Practice, Paul 
Becher, Robert E. Krieger Publishing, Malabar, 
10 Florida, 1965 which is incorporated by reference 

herein. 

The continuous phase of the colloidal dispersion 
of the present invention is an aqueous medium. 

Aqueous Medium : A water- containing liquid which 

15 can contain pharmaceutical ly acceptable additives 

such as acidifying agents, alkalizing agents, 
antimicrobial preservatives, antioxidants, buffering 
agents, chelating agents, cotnplexing agents, j 
solubilizing agents, humectants, solvents, suspending 

20 and/or viscosity- increasing agents, tonicity agenda, 

wetting agents or other biocompatible materials. *A 
tabulation of ingredients listed by the above f 
categories, can be found in the U.S- Pharmacopeia 
National Formulary. 1990, pp. 1857-1859, which is 

25 incorporated herein by reference. 

A preferred embodiment of the present invention 
includes the use of at least one amphiphilic material 
from the groups consisting of biocompatible proteins, 
fluorine -containing surfactants, polyoxypropylene- 

30 polyoxyethylene glycol nonionic block copolymers, and 

surfactants . 

Polvoxvpr opvlene-Polvoxvethvlene Glycol Nonionic 
Block Copolymers : The surfactants which are available 
from BASF Performance Chemicals, Parsippany, New 
35 Jersey under the trade name Pluronic and which 

consists of the group of surfactants designated by 
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the CTFA name of poloxamer 108, 188, 217, 237, 238, 
288, 338, 407, 101, 105, 122, 123, 124, 181, 182, 
183, 184, 212, 231, 282, 331, 401, 402, 185, 215,.. 
234, 235, 284, 333, 334, 335, and 403. 

Fluorine-Containing Surfactant: A surfactant 
containing one or more fluorine molecules. Some but 
not necessarily all fluorine containing surfactants, 
useful in this invention can be selected from the 
group consisting of: telomer B containing fluorinated 
surfactants available from Du Pont, Wilmington, DE 
under the. Trade name of Zonyl (including Zonyl FSA, 
FSP, FSE/UR, FSJ, FSN, FSO, FSC, FSK, and TBS) , 
the f luorochemical surfactants from 3M Industrial 
Chemical Products Division, St. Paul, MN under the 
trade name of Fluorad (including FC-95, FC-98, 
FC-143, FC-170C, FC-171, FC-430, FC-99, FC-100, 
FC-120, FC-129, FC-135, FC-431, FC-740) , the 
perf luoroalkylpoly (oxyethylene) surfactants described 
by Mathis et al . ( J Am Chem Soc 6162-6171 
(1984), incorporated herein by reference), the 
f luoroalkylthio-etherpoly (oxyethylene) surfactants* 
described by Serratrice et al , ( J Chim Phvs 87. f 
1969-1980 (1990), incorporated herein by reference), 
the perf luoroalkylated polyhydroxylated surfactants 
Of Zarif fit-al. (J Am Oil Cham Soc ££, 1515-1523 
(1989), incorporated herein by reference), the 
f luorosurfactante available from Atochem North 
America, Philadelphia, PA under the trade name of 
Foraf ac . 

Biocompatible Proteins ; The group of proteins, 
regardless of source and whether obtained by 
extraction of animal, plant, or microbiological 
tissue or obtained from recombinant biotechnology, 
which is capable of performing its function of 
stabilizing the colloidal dispersions of the instant 
invention in an acceptable manner, without undue 
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toxicity or physiological or pharmacological effects. 
Some acceptable biocompatible proteins can be 
selected from the group consisting of albumin, alpha- 
1- antitrypsin, alpha fetoprotein, aminotransferases, 
5 amylase, C-reactive protein, carcinoerabryonic 

antigen, ceruloplasmin, complement, creatine 
phoephokinase, ferritin, fibrinogen, fibrin, 
transpeptidase, gastrin, serum globulins, hemoglobin, 
myoglobin, immunoglobulins, lactate dehydrogenase, 

10 lipase, lipoproteins, acid phosphatase, alkaline 

phosphatase, alpha- 1- serum protein fraction, alpha-2 
serum protein fraction, beta protein fraction, gamma 
protein fraction, gamma -glutamyl transferase, and 
other proteins. 

15 A preferred process for manuf acturing the 

colloidal dispersions of this disclosure is 
comminution. An alternative process for 
manufacturing is condensation. 

Comminution ; The process of forming a colloidal 

20 dispersion by mixing the liquid dispersed and 

continuous phases together and then causing a 
decrease in size of the particles of the dispersed, 
phase from large particles to the size required, 
using mechanical energy generated by mixing manually, 

25 mechanically, or by the action of ultrasound. 

Appropriate mixing can be achieved in a 
Microfluidic's Model 110 Microf luidizer apparatus, as 
described in U.S. Pat. No. 4,533,254, incorporated 
herein by reference. An acceptable alternative is 

30 the Rannie High Pressure Laboratory Homogenieer, 

Model Mini-Lab, type 8.30H, or equivalent. 

Condensation : The process of forming a colloidal 
dispersion by starting with the dispersed phase as a 
gas, placing it in contact with the liquid continuous 

35 phase and then causing an increase in size of the 

particles of the dispersed phase from a molecular 
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ensemble to the size required, generally by inducing 
a phase change of the dispersed gas to a liquid by 
the action of changes in the system temperature, 
pressure, or both. 
5 The invention will be better understood by way 

of the following examples: 

EXAMPLE 1 

The criticality that the low boiling liquid be 
present as a finely divided dispersion rather than as 
10 a neat liquid, as was described by Ziskin et al. 

(referenced above) was determined by measuring the 
acoustic backscatter of the two states. 

Two solutions were prepared to simulate the 
administration to an organism of either a colloidal^ . 
15 dispersion of a low boiling liquid or the liquid • \ 

neat. These were scanned at 5.0 MHz with a Hewlett 
Packard Model 77020 ultrasound scanner and the images 
obtained recorded on Sony ES VHS tape. The analog 
images from the tape were then converted to a digital 
20 form using the software package Global Lab Image 

Software (Data Translation, Marlboro, MA) . The gray 
scale intensity within a 4900 pixel (70 x 70 pixel- 
sized) region-of -interest was then measured before 
and after the injection of the colloidal dispersion 
25 of Example 19 or a quantity of neat 

dodecafluoropentane into a 1000 mL water beaker 
equilibrated at 37°C. 

The measurements were performed on a gray scale 
of 2 to 254. The image intensity before injection of 
30 a 0.1 mL aliquot of the emulsion of Example 19 below 

(containing 3.4 micromoles of dodecafluoropentane) 
was 4.27. The injection of 0.1 mL of this emulsion 
produced a change of intensity to 236 five seconds 
post -inject ion and 182 fifty-two seconds post- 
35 injection. 
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I 

The same experiment was performed with a 0.2 mL 
injection of neat dodecaf luoropentane . This 
corresponds to 1111 micromoles of 

dodecaf luoropentane, over 300-times the quantity in 
5 the experiment above. The image intensity before 

injection was 4.9; this increased to 7.7 five seconds 
post -inject ion and 5.0 fifty-two seconds post- 
injection. 

A comparison of these two experiments 
10 (intensity/quantity) indicates that the colloidal 

dispersion is 27/000- times more effective at 
, scattering the ultrasound beam than simply an 
administration of a liquid which also undergoes a 
liquid-to-gas phase transition. 

15 EXAMPLE 2 

The selection of an appropriate chemical for the 
liquid dispersed phase is governed, in part, by the 
body temperature of the organism to be studied by ! 
ultrasound. For example, since the body temperature 

20 of man is 37°C, liquids which undergo a liquid to £as 

phase transition, i.e., boil, at or below 37°C ar^ 
especially useful in the colloidal dispersions of the 
invention. In a similar manner, the following table 
can be used as guidance in selecting the liquid 

25 dispersed phase, depending on which organism is to be 

studied: 

ORGANISM RECTAL TEMPERATURE 

(degrees Fahrenheit) 

Swine (Sus scroll) 101.5-102J 
30 Sheep (Ovis sp.) 101-103 

Rabbit (Oryctolaqus cuniculus) 102- 103 J 

Rat (Tattus morvegicus) 99.5-100.6 

Monkey (Macaca mulatta) 101-102 

Mouse (Mus muscuhis) 93-101 
35 Goat (Capra hircus) 101-103 

Guinea pig (Cavia porcellus) 1 02- 104 

Hamster (Mesocricetus sp.) 101-103 

Man (Homo sapiens) 98.6-100.4 
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Horse (Equus sp.) 101-102J 

Dog (Canin familiaris) 101*102 

Baboon (Papio) 98-100 

Cat (Felis cams) 101-102 

5 Cattle (Bos taunis) 101.5-102.5 

Chimpanzee (Pan) 96-100 



EXAMPLE 3 

A colloidal dispersion was formed by 
comminuting, using the method and criteria of Example 

10 45 below, an organic halide. 

Specifically, a 100 mL quantity of a formulation 
was created containing: poloxamer 488, 2.5% v/v; 
fluorine -containing surfactant Zonyl PSN 2.5% v/v; 
sodium perfluorooctanoate, pH 7.0, 0.1% w/v; sodium 

15 chloride , 0.9%, w/v ; and dodecaf luoropentane , 2.0%, 

v/v. After low shear mixing, these were comminuted- | 
in the Microf luidizer model HOY at 4°C for eight " 
passes. The milky emulsion was aliguoted into serum 
vials and sealed. 

20 Within 72 hours, the particle size and size 

distribution was determined at 19 °C using the Nicajrap 
model 370 (Nicomp Particle Sizing, Santa Barbara, ; 
CA) . The mean diameter of the Gaussian analysis of 
the emulsion was 90.1 nm (number weighted) with a 

25 standard deviation of 48%. The volume weighted mean 

diameter was 316 nm. 

EXAMPLE 4 

The particle size and size distribution were 
determined at various steps or under different 
30 conditions during the formulation of an emulsion. 

A 20 mL quantity of an emulsion was formulated, 
containing sodium perfluorooctanoate, pH 7.2,2.5%, 
w/v, and dodecaf luoropentane, 2%, w/v. These 
ingredients were added to water and the suspension 
35 cooled to 4°C. The Emulsif lex-1, 000 (Avestin, Inc., 
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i. 



Ottawa, Canada) was used to "pre-mix" the solution 
before final comminution. 

Following 20 passes of the solution between two 
10 mL syringes, the white, milky suspension was 
5 placed in the Nicomp 370 to determine particle size. 

This pre-mix suspension had a mean particle size 
(number weighted) of 452 hm and (Volume weighted) of 
2398 nm. 

The final emulsion was then formed by 
10 comminution through eight passes with the 

Emulsiflex-1,000 (Avestin, Inc., Ottawa, Canada) 
operating manually at a pressure of up to 7 MPa. The 
emulsion particles were much smaller, with a number- 
weighted mean diameter of 201 nm and a volume 
15 weighted mean diameter of 434 nm. 

Aseptic filling of the material was achieved by 
passing the material through a 0.45 micron sterile, 
filter (Gelman Acrodisc, Ann Arbor, MI). The finai 
sterile colloidal dispersion had a number weighted 
20 mean diameter of 160 nm. 

f 

EXAMPLE 5 

The mean particle size measurement of an 
emulsion immediately after comminution is a useful 
test of the ultimate stability of the formulation. 
25 The following emulsions illustrate this point: 

A 2%, v/v, dodecafluoropentane emulsion was 
formulated containing 2% Pluronic P-123 and 2.6% 
Zonyl FSO, according to the method of Example 19 
below. The mean particle diameter was 151 nm, with a 
30 35% standard deviation. This emulsion was stable for 

at least six weeks, as judged by physical appearance 
and particle size. 

To the same formulation was added 0.25% sodium 
perf luorooctonate . Although it was speculated this 
35 might further stabilize the formulation because this 
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addition reduces inter facial tension, the high 
anionic charge density this surfactant could generate 
at the emulsion interface may actually prevent . 
production of small particles- In fact, the 
S immediate particle size measurements indicated a mean 

particle size of 1060 nm with a standard deviation of 
106%. This emulsion degraded in a matter of days. 

EXAMPLE 6 

The particle size distribution of an emulsion 

10 can be measured by centrifugation. A sample of the 

emulsion of Example 19 below was placed in the Horiba 

CAPA-700 Particle Analyzer (Horiba Instruments, 

Irvine, CA) . The particle size distribution, based 

on assuming the particles have a density of 1.66 g/cu 

15 cm, was as follows: •! 

Particle Size Range Volume Percent 
microns 

. 0.0-0.5 12 
0. 5-1.0 26 
20 1.0-1.5 22 

1.5-2.0 15 I 

2.0-2.5 7 / 

2.5-3.0 0 

EXAMPLE 7 

25 The long term stability of the emulsions of the 

present invention was determined. The emulsion 
described in Example 19 below was placed at 19°C and 
the particle size determined at intervals using the 
Nicomp 370 . The results are contained in the 

30 following table: 

Time Mean Particle Diameter 

(days) nm 

5 194 

13 216 

35 19 245 

27 258 

33 289 

41 283 
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47 306 
61 335 
89 305 



This emulsion initially grew rapidly from 194 to 
5 289 nm over the first month* However, since then the 

growth has largely stopped. Extrapolation of the 
curve of a graph of diameter vs time supports at 
least a one year stability for this emulsion. 

EXAMPLE 8 

10 ... The emulsion of Example 42 below was used to 

test the imaging capabilities of these colloidal 
dispersions administered by various routes. An 
approximately 20 kg mongrel dog was anesthetized with 
sodium barbiturate, and prepared for ultrasound 

15 examination according to the method described in 

Example 38. 

A 0.2 mL/kg intravenous injection produced a 
strong contrast signal in the right and left 
ventricles of the heart within the first minute i 

20 following the injection. Doses of 0.5 mL/kg produced 

a strong Doppler signal in all organs examined, 
including the vascular system, liver, kidneys, heart, 
and vessels of the central nervous system. 

A 0.5 mL injection either by an intradermal, 

25 intracutaneous, or intramuscular route caused local 

contrast, permitting examination of the 
musculoskeletal system, 

A 1000 mL solution, prepared by diluting 50 mL 
of the emulsion of Example 42 into 950 mL of saline, 

30 was given by the oral route, effectively providing an 

intragastric and intraduodenal intraluminal 
administration. The lumen of the gastrointestional 
system was enhanced, providing better visualization 
of the liver, spleen, and internal reproductive 

35 organs. 
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A 10 niL volume of the emulsion of Example 42 
below was administered by the intracystic route, 
affording enhanced visualization of the urinary 
bladder. 

5 The above specific examples could be used to 

provide useful ultrasound contrast with the colloidal 
dispersions of the present invention by additional 
routes of administration. Specifically, the 
emulsions could be given by any of the following 

10 routes, among others: intraabdominal, intraarterial, 

intraarticular, intracapsular, intracervical , 
intracranial, intraductal, intradural, intralesional , 
intralocular, intralumbar, intramural, intraocular, 
intraoperative, intraparietal, intraperitoneal, 

15 intrapleural, intrapulmonary, intraspinal, 

intrathoracic, intratracheal, intratyrapanic, 
intrauterine, and intraventricular. Methods for 
administration by these routes can be found in a 
standard radiology text, such as "Pharmaceuticals in 

20 Medical Imaging, " edited by DP Swanson, HM Chiltori, 

JH Thrall. MacMillian Publishing Co., Inc., 1990^ 
which text is incorporated herein by reference. 

In addition to the above indicated organs or 
organ systems studied, one could study the lungs, 

25 breast, prostate, and endocrine systems by known 

means. The kinds of medical conditions amenable to 
study with the agents of the present invention are 
numerous. They include metabolic, traumatic, 
congenital, neoplastic, or infectious diseases. A 

30 description of the use of ultrasound imaging in these 

conditions can be found in the text "Diagnostic 
Ultrasound, " edited by CM Rumack, SR Wilson, JH 
Charboneau, Mosby Year Book, Boston, 1991, 
incorporated herein by reference. 

35 EXAMPLE 9 
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The colloidal dispersions of the present 
invention can produce a contrast effect in the 
ultrasound signal at concentrations ranging from 
0.00001% w/v to 166% w/v. 
5 If a 1% emulsion (such as the emulsion of 

Example 42) is diluted ten- fold (by adding one mL to 
nine mL of buffer) and a 0.1 mL aliquot added to 1000 
mL water at 37°C and the ultrasound intensity 
measured, there is a substantial increase in the 

10 backscatter. Specifically, the signal intensity, 

measured with the system described in Example 1; 
increases from 2.7 to 9.8 within the first minute 
following the above addition. At a greater dilution, 
the backscatter is indistinguishable from background. 

15 Thus, the lower limit for the concentration of the 

dispersed phase material is 0.00001%. 

If 5 mL of dodecaf luoropentane is added to 5 nk* 
of water containing the surfactant mixture described 
in Example 25 below, and the suspension comminuteq 

20 for 5 minutes by the method of Example 4, a 166% vj/v 

emulsion is formed. This can be immediately J 
administered, for example orally, to an organism £o 
afford excellent ultrasound contrast. This amount 
represents a high end to the concentration of the 

25 dispersed phase material because higher 

concentrations produce formulations which tend to be 
unstable . 

EXAMPLE 10 

Proteins can be used to stabilize the colloidal 
30 dispersions of the present invention. Using high- 

intensity ultrasound, one can synthesize aqueous 
suspensions of proteinaceous microspheres filled with 
nonaqueous liquids (i.e., microcapsules). These are 
distinct from the ultrasound contrast agents of U.S. 
35 Pat. Nos. 4,718,433 and 4,774,958, which contain only 
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gases, and follow the methods described by Suslick 
and Grins taff (Suslick KS, Grinstaff MW: Protein 
microencapsulation of nonaqueous liquids. J Amer 
Chem Soc 112 :7807-7809, 1990). This reference 
5 describes only the use of high boiling nonaqueous 

liquids (which are unsuitable as ultrasound contrast 
agents) and fails to disclose the use of either low 
boiling liquids in general, or organic halides, in 
particular, as the nonaqueous liquids. 

10 Proteinaceous microspheres can be synthesized 

with, a high intensity ultrasound probe (Heat Systems, 
W375, 20 kHz, 0.5 in. Ti horn) from human scrum 
albumin or hemoglobin. Typically, 5% pentane or 3% 
diethyl ether and 5% albumin are irradiated for three 

15 minutes at an acoustic power of about 150 W/sq cm, at 

23 °C and a pH of 7.0. The resulting dispersion has - # a 
Gaussian distribution and a mean particle diameter of 
about 2 . 3 microns . They maintain their particle s jjze 
for up to two months at 4°C. 

20 In addition to albumin or hemoglobin, the 

following proteins can be used; alpha- 1- ant itrypsih, 
alpha fetoprotein, aminotransferases, amylase, C- f 
reactive protein, carcinoembryonic antigen, 
ceruloplasmin, complement, creatine phosphokinase , 

25 ferritin, fibrinogen, fibrin, transpeptidase, 

gastrin, serum globulins, myoglobin, immunoglobulins, 
lactate dehydrogenase, lipase, lipoproteins, acid 
phosphatase, alkaline phosphatase, alpha-l-serum 
protein fraction, alpha- 2 -serum protein fraction, 

30 beta protein fraction, gamma protein fraction, gamma - 

glutamyl transferase. 

In addition to pentane or diethyl ether, other 
aliphatic hydrocarbons, organic halides, and ethers 
can be used as described above for pentane. 

35 EXAMPLE 11 
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The relationship of the size of the particles of 
the colloidal dispersion as an emulsion or 
microemulsion and the size of the microbubbles formed 
upon phase shift can be determined. 

An aliquot of the emulsion of Example 27 below 
was placed in the Nicorap 370, operating at 19°C and 
the mean particle size of the liquid emulsion was 
determined to be 231.7 nm. The temperature control 
of the instrument was adjusted to 37°C and after 
temperature equilibration, which took about five 
minutes, the particle size was redetermined. The 
microbubble dispersion formed had a mean particle 
size of 1701.5 nm, an increase in size of 7.34-fold. 

One can also calculate the expected change in 
dispersion size if one knows the relative densities 
of the dispersed liquid as a gas and liquid. For : 
example, the Gas Data Book, by W Braker and A 
Mossman, Matheson, contains such data. Examining J 
octaf luorocyclobutane , one finds that 1 L of the 
liquid yields 188 L of gas at a pressure of 760 nurt Hg 
and 15°C. Since the volume of a sphere is related to 
the diameter of a sphere by the cubic root of the' 
volume, the phase transition for an octaf luorobutane 
emulsion particle will cause a 5.7-fold increase in 
diameter. 

EXAMPLE 12 

The saf ety of the emulsions of the present 
invention is dramatically demonstrated in the mini- 
pig. Albunex brand ultrasound contrast agent, under 
development and the subject of U.S. Pat. Nos. 
4,718,433 and 4,774,958, shows grave hemodynamic 
effects in the pig (Ostensen J, Hede R, Myreng Y, Ege 
T, Holtz E.) Intravenous injection of Albunex 
microspheres causes thromboxane mediated pulmonary 
hypertension in pigs, but not in monkeys or rabbits. 
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Acta Physiol Scand 144:307-315, 1992). At doses as 
low as 0.001-0.05 mL per kg hypotension results. One 
pig died after a slow infusion of 0.05 mL per kg.. 

An experiment was performed in a 30 kg mini -pig 
5 under halothane anesthesia, using the protocol of the 

above reference. The results are contained in the 
following table: 





. Dose, mL/kg 


Cumulative Dose, mL/kg 


Hcmodynmic Effect 




0.01 


0.01 


None 




0.O2 


0.03 


None 




0.0S 


0.08 


none 




0.10 


0.18 


none 




020 


0.38 




none 




030 


0.68 


Nooc 


15 


0.40 


1.08 


None 




0J0 


1.38 






0.60 


2.18 


none 




0.60 


2.78 


Wmms 

nono 




0.80 


3.38 


Nom 


20 


0J0 


3.88 


Nose 




2.00 


3.88 


labored 



All doses provided good cardiac contrast. Th£ 
doses above 0.4 mL/kg provided Doppler enhancement * of 

25 the liver as well. ' 

In conclusion, injections of an emulsion of the 
present invention at 40 -times the lethal dose of 
albumin microspheres in the mini -pig had minimal, 
transient effects. The threshold dose for an effect 

30 with Albunex is 0.001 mL per kg of the albumin 

microspheres or 2000-times below the threshold dose 
for an effect of the colloidal dispersions of the 
present invention. 

EXAMPLE 13 

35 The selection of amphiphilic materials with the 

proper hydrophilic-lipophilic balance (HLB) number 
for the selected dispersed phase is important for the 
stability of the colloidal dispersion. One way to 
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determine the HLB number is to measure the 
inter facial tension of various surfactant mixtures. 
(A good general review of the HLB method cam be found 
in: Emulsions: Theory and Practise, Paul Becher, 
5 referred to above, pp. 232-252. 

Mixtures of Pluronic P-123 and Pluronic F-127 
were formed, yielding a 1% solution, v/v, with graded 
HLB numbers and the inter facial tension (IFT) of the 
solutions against dodecaf luoropentane determined at 
10 4°C, using a Kruss Drop Volume Tensiometer DVT-10, 

Kruss USA, Charlotte, NC. The results are contained 
'in the following table: 

RELATIONSHIP BETWEEN HLB AND INTERFACZAL TENSION 





P-123 


F-127 


HLB 


IFT (dynes/cm) 


15 


1.00 


0.00 


8 


27.07 




0.86 


0.14 


10 


23.94 




0.75 


0.25 


12 


23.58 




0.60 


0.40 


14 


22.48 




0.50 


0.50 


15 


22.80 


20 


0.40 


0.60 


16 


23.16 




0.25 


0.75 


19 


23.61 




0.00 


1.00 


22 


26.36 



f 

The above data, when graphed, indicate an HLB 
for dodecaf luoropentane of about 14. The use of 
25 amphiphilic materials, such as anionic, nonionic, 

cationic, or zwitterionic surfactants with an HLB 
number of 14 will provide the greatest stability for 
emulsions of the above liquid dispersed phase. 

EXAMPLE 14 

30 The interfacial tension between the liquid 

dispersed phase and the liquid continuous phase can 
be used to develop formulations, since this property 
has a significant influence on the stability of the 
colloidal dispersion. 



25 



The Ostwald ripening theory predicts a strong 
dependence of particle size stability on interfacial 
tension (reviewed by Kabalnov AS, Shchukin ED; 
Ostwald ripening theory: Applications to 
fluorocarbon emulsion stability, Advances in Colloid 
and Interface Science, 38:69-97, 1992, incorporated 
herein by reference) . The theory predicts stability 
and interfacial tension are inversely proportionate 
to each other. For example, if one can add 
amphiphilic materials which provide a five- fold 
lowering of interfacial tension, one will obtain a 
five-fold increase in stability. 

Interfacial tensions of various amphiphilic 
materials in aqueous solutions (all expressed as v/v 
solutions) against dodecaf luoropentane were measured 
at 4°C and emulsions created from each formulation, . . 
as described in Example 13 . 

Pluronic P-123, 1%, and dodecaf luoropentane had 
an interfacial tension of 27.1 dynes/cm and did not 
form a stable emulsion. I 

Pluronic P-127, 1%, and dodecaf luoropentane had 
an interfacial tension of 26.4 dynes/cm and did ncjt 
form a stable emulsion. 

Zonyl PSO, 1%, and dodecaf luoropentane had ah 
interfacial tension of S.8 dynes/cm and formed a 
stable emulsion. 

Pluronic P-123, 0.33%, Pluronic P-127, 0.33%, 
and Zonyl FSN, 0.33%, and dodecaf luoropentane had an 
interfacial tension of 14.1 dynes/cm and did form a 
stable emulsion. 

Pluronic P-123, 1%, Zonyl PSO, 1.0%, sodium 
chloride, 1%, and sodium perfluorooctanoate, 0.5%, 
and dodecaf luoropentane had an interfacial tension of 
2.71 dynes/cm and formed a stable emulsion. 

Thus, amphiphilic materials with interfacial 
tensions below 26 dynes/cm were required to form 

26 



WO 94/16739 



PCT/US94/00422 



stable emulsions. Related findings would be obtained 
with other organic halides or with aliphatic 
hydrocarbons or ethers. 

EXAMPLE 15 

5 The viscosity of the liquid continuous phase can 

be used to develop formulations, since this property 
has a significant influence on the stability of the 
colloidal dispersion. 

. The Ostwald ripening theory predicts a strong 

10 dependence on particle size stability and viscosity 

(see Kabalnov AS, et al. in Example 14) . The theory 
predicts stability and viscosity are directly 
proportionate to each other. For example, if one can 
add viscogens (viscosity enhancing agents) which 

15 provide a five-fold increase in viscosity, one will; J 

in general, obtain a five-fold increase in stability. 



Examples of viscogens include, but are not 
limited to, carboxymethylcellulose, sorbitol, 
iohexol, other ibdinated x-ray contrast materials, 
20. dextrose, polyethylene glycols. The emulsion of ' 

Example 38 below was prepared with or without 5% 
polyethylene glycol (PEG) 200, which produced a 
viscosity of 1.1 cP, and stability noted. The 
emulsion containing 5% PEG 200 had greater stability. 

25 EXAMPLE 16 

The ultrasound backscattef from dispersions of 
the emulsions of Examples 44 and 18 below were 
measured with a Hewlett Packard Model 77020 
ultrasound scanner to determine the relative potency 

30 of the phase shift colloids of the present invention, 

which are liquid- liquid emulsion dispersions at room 
temperature but which become microbubbles following 
administration with either stable emulsions, as 
described by Long and others (U.S. Patents 7,767,610, 
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4,987,154, and JP 2196730), Davis and others (EP 

245019), and JP Patent 1609986 and JP 63060943), or 

with true air microbubbles, as described in EP 

467031, EP 458745, WO 9115244, US 5088499, 5123414, 

5 US 4844882, US 4832941, US 4466442, and US 4276885, 

each of which is incorporated herein by reference. 

The air microbubbles were created by the 

following procedure. Introduce 0.5 mL of air into a 

10 mL syringe and 10 mL of a 1.0%, v/v, solution of 

10 Pluronic F-68 into another 10 mL syringe, which is 

connected to the first syringe by a three-way 

stopcock. Pass the liquid and air back and forth 

between the two syringes rapidly. After about five 

passes the air and liquid have mixed and the solution 

15 has a milky, white appearance. Continue mixing for a 

* " i 

total of 20 passes. A 1.0 mL sample of the gas 

dispersion added to 250 mL of water gave an 

ultrasound image with an intensity similar to hepatic 

tissue (4+ strength). Surprisingly, the intensity bf 

20 the ultrasound backseat ter produced by the air I 

microbubbles decreased rapidly, so that within fiv^ 
minutes the backscatter had returned to base line . ; 
This lack of persistence limits the diagnostic 
utility of air microbubbles • 

25 On the other hand, 1.0 to 10.0 mL of a 

perfluorohexane emulsion in 250 mL of water at 37°C 
yielded an ultrasound image similar to flowing blood 
(0-1+ strength) , indicating that these formulations 
produce ultrasound contrast only at extremely high 

30 dosages, which limit their general utility. 

A 1.0 mL sample of the dodecaf luoropentane 
emulsion diluted in 250 mL of 37°C water yielded an 
ultrasound image with the intensity of the 
microbubble solutions (4+ strength) which persisted 

35 for over 10 minutes, a time sufficient to be 

diagnostically useful. 
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Parenthetically, all three experimental 
solutions were visually cloudy solutions of nearly 
equal apparent turbidity. These experiments 
demonstrate that the ultrasound contrast agents of 
5 the present invention show greater persistence and/or 

potency than the prior art ultrasound contrast agents 
to a diagnostically useful extent. 

EXAMPLE 17 

A l.o mL sample of the contrast agent of Example 
10 19 was withdrawn from a vial with a 1.0 mL syringe 

equipped with a 21-gauge needle and approximately 0.2 
mL placed on a glass slide. A glass cover slip was 
placed over the liquid and the sample placed on the 
stage of a light microscope equipped with an eye 
15 piece micrometer, a temperature-controlled chamber, -a 

3 5 -mm camera, and a Panasonic video camera. 



The emulsion was examined under oil -immersion 



at 



20°C. At this temperature the emulsion consisted of 
0.2-0.3 micron particles which were undergoing rap:.d 

20 Brownian motion. / 

The temperature control was changed to 37°C apd 
the emulsion observed and images recorded. As the 
temperature rose the particles would individually 
suddenly grow in size until at 37°C the emulsion had 

25 become a collection of 1-3 micron bubbles. The 

bubbles, in distinction to the liquid emulsion, were 
easily deformable. They did not, however, appear to 
coalesce. After 40 minutes of experimentation the 
microbubble ensemble remained intact and stable. 

30 EXAMPLE 18 

The criticality that some portion of the liquid 
dispersed phase undergo a liquid to gas phase 
transition at the body temperature of the organism to 
be imaged, in this case using an example temperature 
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of 37°C, to the utility as an ultrasound contrast 
agent was tested by subjecting a series of emulsions, 
each with different liquid dispersed phases, to 
ultrasound imaging at 37°C. 
5 The following emulsions were formulated or 

obtained from sources and 1.0 mL aliquots placed in 
1000 mL of water at 37°C. The emulsion formed with 
1-iodoperfluorooctane was formulated according to the 
methods disclosed by Long and others (U.S. Patents 

10 4,767,610, 4,9a7,154 and JP 2196730). The emulsion 

with perfluorodecalin was formulated according to the 
disclosures of JP Patent 1609986 and JP 63060943. 
The emulsion with triolean was formulated according 
to methods disclosed by Davis and others (EP 245019).. 

15 The contents of each of these patents are hereby 

incorporated by reference. Ultrasound images were - 
obtained of the solution before and after the 



addition and the results expressed as a percentage 
enhancement times the length of time over which 
20 enhancement was observed. 



OF. 



25 



30 



Jbf 








X1000 


Ocadtcytnte HOOtionfc 


•5.1 


625 




39 


740 




59 


ITS 




9t 


24 




141 


1 




160 


6 




235 


02 


NocAppttoMe 




0.006 



As indicated above, the preferred formulations 
are the emulsions which undergo a complete phase 
35 shift at or below 37°C. The high vapor pressure 

liquids perf luorohexane and perf luorooctane which 
have vapor pressures at ambient temperature above 20 
Torr, provided some contrast when compared to 
agitated saline or perfluorodecalin which has a vapor 
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pressure at ambient temperature below 20 Torr. This 
may indicate some advantage with respect to the use 
of these compounds as ultrasound contrast agents; 
however the mechanism for enhancement by these 
5 materials is not fully understood and is not 

considered practically useful relative to those 
materials which boil at about 40 °C or below. 

EXAMPLE 19 

The ultrasound contrast agents of the present 

10 invention can be made with the following equipment 

' rVand steps: Microf luidizer, Model HOY, Interaction 
chamber pressure 14,000 PSI; Pressure vessels, 316 
steel, 5 L and 12 L sizes; Filters, cellulose 
acetate, 0.22 micron; Filter holders, 142 ram. The . 

15 following solutions were made: 25% (w/v) sorbitol,' 

12 L; 2.5% w/v sodium perf luorooctanoate (PCR, Inc., 
Gainsville, FL) ; 60 g Pluronic P-123, 60 g Zonyl Fib, 
7 mL 2.5% sodium perf luoro-octanoate solution, 1 L, 
sonicate to aid dissolution (stock surfactant 

20 solution) . The Microf luidizer was primed with they 

sorbitol solution. The interaction chamber, tubing, 
and cooling coil are covered with chipped ice during 
the comminution process. To a 5 L pressure vessel 
with stir bar in an ice bath add sequentially: 500 

25 mL sorbitol solution; 500 mL stock surfactant 

solution; 800 mL water; 200 g dodecaf luoropentane . 
Pressurize vessel to 10 PSI with nitrogen for 45 min. 
Pass the suspension through the Microf luidizer for 45 
min at 14,000 PSI. Transfer the emulsion to a vessel 

30 containing 8 L of 25% sorbitol at 4°C and mix well. 

Transfer the emulsion to 100 mL vials using positive 
pressure, passing the material through a 0.22 micron 
filter in the process. Cap and seal the vials. The 
amphiphilic materials of this Example, including 

35 fluorine -containing surfactants and polyoxypropylene- 
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polyoxyethylene glycol nonionic block co-polymers, 
produce a formulation with acceptable stability. 

EXAMPLE 20 

A 0.4 ml portion of n-pentane (Aldrich Chemical, 
5 Milwaukee, WI) was added to 2.0 mL of water at 4°C. 

Two clear separated phases resulted. NaCl was added 
(0.4 mL of a 10% w/v solution) to make a total of 
2.8 mL. Approximately 135 mg of phosphatidyl 
lecithin (Sigma Chemical, \ St v Louis, MO) was added 

10 with stirring and the resulting slurry mixed by 

vigorous vortex agitation. The milky white solution 
separated into two phases within 5 min. upon 
standing. Ethanol was added in 0.1 mL increments 
with mixing to a total of 1.74 mL. There was no 

15 change in the appearance of the two-phase mixture . 

The formulation of this Example showed good in vitro ' 
ultrasound backscatter characteristics and 
demonstrates the use of aliphatic hydrocarbons having 
six or fewer carbon atoms and 17 total atoms. 

20 EXAMPLE 21 ' 

A milky suspension was formed by adding together 
1.80 mL water, 0.2 mL 10% NaCl, 0.1 mL ethanol, and 
100 mg lecithin. A 0.1 mL portion of 
dodecafluoropentane (PCR, Gainsville, FL) was added 

25 and following mixing two phases were obtained. A 0.1 

mL portion of n-pentane was added and then 0.2 mL 
dodecafluoropentane aiiquots were added to bring the 
total dodecafluoropentane to 20% v/v. The resulting 
suspension was mixed and three phases obtained, two 

30 milky phases and a small clear phase. Additional 

NaCl was added to bring the solution to 7% and a 1 mL 
aliquot of ethanol added with no change in the 
character of suspension. The formulation of this 
Example showed good in vitro ultrasound backscatter 
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characteristics and demonstrates the use of mixtures 
of a hydrocarbon and a f luorocarbon. 

EXAMPLE 22 

To a 2.0 ml portion of dodecaf luordpentane was 
5 added 330 mg of lecithin. Following mixing, 1.0 mL 

of water was added and the suspension further mixed. 
A milky colloidal dispersion was formed. , A milky 
colloidal dispersion was formed, demonstrating the 
use of a single surfactant as th6 amphiphilic 

10 material, in this case a naturally-occurring 

zwitterionic surfactant. Useful contrast agents 
would also be formed by replacing the portion of 
dodecaf luoropentane in the formulation with an ether, 
and diethyl ether was specifically found to provide a 

15 useful contrast signal. Related compounds, such as, 

methyl ether, and vinyl ether are expected to be 
useful as well. 

EXAMPLE 23 

A 0.46 g portion of sodium dodecylsulf ate (sbs) 
20 was added to 0.72 mL water and 8.00 mL dodecane. 'A 

1.47 mL aliquot of pentanol was slowly added. 
Initially the suspension contained white, 
"filamentous" SDS in a clear fluid. A 1.0 mL 
addition of pentanol and gentle mixing lead to a 
25 substantial dissolution of the SDS. A 0.5 mL 

addition of pentanol with mixing lead over 10-15 min 
at room temperature to a clear, monophasic 
microeraulsion. This formulation produced rather poor 
acoustic backscatter, demonstrating that a colloidal 
30 dispersion containing a liquid dispersed phase with a 

boiling point greater than about 40°C, here 
exemplified by dodecane <b.p.216°C), is unsuitable as 
an ultrasound contrast agent within the meaning of 
the present invention. 
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EXAMPLE 24 

The composition of the water, pentanol, 
dodecane, sodium dodecylsulf ate microemulsion of 
Example 23 was varied to determine the compositional 
boundaries of the microemulsion. The following 
mixtures were prepared at room temperature and the 
appearance following 30 min. of stirring was noted: 

Volume of Addition (mL) 



EXPERIMENT 


WATER 


PENTANOL 


DODECANE 


SDS 


APPEARANCE 


5-1 


1.00 


1.00 


1.00 


mm 




5-2 


1.10 


1.00 


1.00 


372 ms 


dor 


5-3 


IJO 


1.00 


1.00 


372 m* 




5-4 


IJO 


1.00 


ijo 


372 ms 




5-5 


IJO 


1.00 


1.00 


372 ns 


Mflky 


5-6 


1J0 


1.10 


1.00 


373 ms 


fttifcy 


5-7 


IJO 


IJO 


140 


372 «f 


Milky 


54 


IJO 


IJO 


1.00 


372 ms 


StLMBty 


5-9 


IJO 


\M 


XJOO 


372 ms 


Omr , BfaWi CM 



The 5*9 microemulsion became milky upon heating 
(greater than about 45 °C) and became clear, with a f 
bluish cast, again upon cooling to room temperature. 
This reversible change in appearance could be 
repeated through at least six temperature shift 
cycles . 

EXAMPLE 25 

A 0.51 mL portion of octyl amine (Sigma Chemical 
Corp., St. Louis, MO) was added to 1.0 mL of water to 
form a clear solution. A 1.0 mL portion of octane 
was added and the clear solution became milky. A 
0.49 mL portion of octanoic acid was added and the 
solution became a gel. A 0.17 mL aliquot of a 3.6 M 
KOH solution dissolved the gel to produce a clear 
microemulsion. Five additions of water in 0.1 mL 
aliquot s with mixing continued to yield a clear 
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microemulsion. The sixth addition converted the 
clear emulsion to a milky colloidal dispersion. This 
Example demonstrates the formulation of an aliphatic 
hydrocarbon -containing emulsion with amphiphilic 
5 material comprising cationic surfactants. 

EXAMPLE 26 

A 1.0 mL portion of dodecaf luoroheptanol (PCR) 
was added to 1.0 mL of dodecaf luoropentane to form a 
clear, homogenous solution. The same quantity of 

10 octafluoropentanol in dodecaf luoropentane yielded two 

clear, non-mixing phases. The addition of 2.0 to 4.0 
mL water to the dodecaf luoroheptanol - 
dodecaf luoropentane yielded two non-mixing phases. 
Upon cooling to 4°C the two clear phases changed to 

15 three clear phases. • \ 

EXAMPLE 27 

A solution of 10% (v/v) Fluorad FC-430 (3M 
Chemical, St. Paul, MM) in water was prepared by 
adding 10 mL FC-430 to 100 mL water at room 
20 temperature and mixing. To 5 mL of this solution 1.0 

mL dodecaf luoropentane and 1.0 mL octafluoropentanol 
was added to yield an emulsion. 

EXAMPLE 28 

A 2.0 ml portion of 10% v/v FC-430 solution was 
25 added to 2.0 mL dodecaf luropentane and two phases 

resulted. The addition of 0.3 mL 

dodecaf luoroheptanol yielded a milky, white emulsion. 
EXAMPLE 29 

A l mL portion of 1.26 M 2 -amino- 2 -methyl- 1- 
30 propanol (AMP) perf luorooctanoate was added to 1.0 mL 

of dodecaf luoropentane, and 1 mL of 25% Pluronic F68 
to yield two phases of milky liquid. A 0.05 mL 
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addition of dodecaf luoroheptanol yielded a single 
phase colloidal dispersion. 

EXAMPLE 30 

A 2.0 mL portion of a 15% (v/v) Pluronic F68 
solution was added sequentially to 2.0 mL 
dodecaf luoropentane and 0.2 mL dodecaf luoroheptanol 
on ice. The mixture was taken up in a 5 mL glass 
syringe connected to a three-way stopcock and a 
second 5 mL glass syringe and forcefully passed back 
and forth between the syringes to yield a thick white 
emulsion. 

EXAMPLE 31 

The following mixture was formed by sequential 
addition at 4°C: 2.0 mL 15% Pluronic F68, 2.0 mL 
dodecaf luoropentane, 2.0 mL 0.2M AMP 
perf luoroctanoate, 0.1 mL dodecaf luoroheptanol . The 
mixture was taken up in a 5 mL glass syringe J 
connected to a three-way stopcock and a second 5 mL 
glass syringe and forcefully passed back and forth! 
between the syringes to yield a thick white emulsion. 

EXAMPLE 32 

The following mixture was formed by sequential 
addition at 4°C: 2.0 ml 15% Pluronic F68, 0.42 g D- 
sorbitol (Sigma) dissolved in 0.5 mL K,0, 0.2 mL 
dodecaf luoroheptanol , and 2.0 mL dodecaf luoropentane . 
The mixture was taken up in a 5 mL glass syringe 
connected to a three-way stopcock and a second 5 mL 
glass syringe and forcefully passed back and forth 
between the syringes to yield a thick white emulsion. 

EXAMPLE 33 

The following mixture was formed by sequential 
addition at 4°C: 2.0 mL of 15% (v/v) Pluronic F-68, 
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0.40 mL 0.1 M Tris(hydroxymethyl) amino methane 
(Tris) perf luorooctanoate, pH 7.2, 2.0 mL 
dodecaf luoropentane . The mixture was taken up in a 5 
mL glass syringe connected to a three-way stopcock 
5 and a second 5 mL glass syringe and forcefully passed 

back and forth between the syringes to yield a white 
colloidal dispersion. 

EXAMPLE 34 

The following mixture was formed by sequential 
10 addition at 4°C: 60 mL 25% Pluronic F68, 24 mL 1,1,7- 

H- dodecaf luoroheptanol , 75.8 g dodecaf luoropentane. 
The mixture was comminuted by batchwise mixing using 
30 cc syringes, a three-way stopcock and 40 manual 
passages. The mixture was sequentially diluted 1:10 
15 twice with a solution composed of 8.0 mL 25% Pluronic 

P68, 2.0 mL 50% D-sorbitol, 1.0 mL pH 7.2, 0.1 M Tris 
perf luorooctanoate and further comminuted by syringe 
passage. This formulation was administered to mici, 
weighing 20-30 g, intravenously by tail vein I 
20 injection and observed for seven days. The results 

are contained in the following table: [ 

DOSAGE (mL/kg) 
20 
25 

25 30 

40 

This biocompatible colloidal dispersion was 
stable for at least two weeks after formulation. 

EXAMPLE 35 

30 The following formulation was prepared: 1.0 mL 

25% polyethylene glycol 3550, 1.0 mL 50% sorbitol, 
3.0 mL 15% (w/v) Pluronic F-68, 3.0 mL 20% (w/v) 



OBSERVATIONS 
Survival 

Morbid but survival 
Morbid but survival 
No Survival 
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Fluorbsurfactant FC 430, 0.4 mL 0.1 M Tris 
perfluorooctanoate and 1.0% (v/v) 

dodecaf luoropentane . The mixture was comminuted in a 
water bath sonicator by the application of acoustic 
energy at 4°C for 10 min to yield a milky colloidal 
dispersion. 

EXAMPLE 36 

A series of solutions of aqueous media, each 
containing different proportions of amphiphilic 
materials, were formed and tested as the basis for a 
formulation. 

Solution A : A clear solution containing 6.0 mL 
of a 25% solution of Pluronic F-68, 6.0 mL of a 50%r . 
solution of PEG3350, 0.60 mL 0.1 M Tris 
perfluorooctanoate, and 2.4 mL H 2 0. 

Solution B i A clear solution containing 1.18 mL 
of a 25% solution of Pluronic F68, 6.0 mL of a 50% f 
solution of PEG 3350, 0.12 mL Tris perf luorooctanoajte 
and 7.7 mL H a O. ? 

solution C ; A turbid solution, containing a ' 
gelled precipitate, was obtained by mixing 6.0 mL of 
50% PEG 3350, 0.75 raL Tris perfluorooctanoate and 1.5 
mL HjO. This solution is not biocompatible for 
intravascular administration but is biocompatible for 
oral, intraperitoneal, rectal or intrauterine 
administration. 

Solution D : A clear solution was obtained by 
mixing 6.0 mL 25% (w/v) Pluronic F-68, 6.0 mL 50% 
(w/v) PEG 3350, 0.6 mL 0.1M Tris perfluorooctanoate 
and 2.4 mL H a O. 

Solution E ; A clear solution was obtained by 
mixing 6.0 mL 50% (w/v) PEG 3350, 7.5 mL 20% (w/v) 
FC-430, 0.75 mL Tris perf luoroctanoate and 0.75 mL 
H 2 0. 
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Solution F ; A clear solution was obtained by 
mixing 1.8 mL 25% (w/v) Pluronic F-68, 6.0 mL 50% 
(w/v) PEG 3350, 0.12 mL 0;1M Tris perfluorooctanoate, 
and 7.7 mL H^O. 

5 Solution G ; A clear solution, containing a tiny 

precipitate was formed by mixing a 3.0 mL Pluronic 
F-68 3.75 mL (w/v) FC-430, 6.0 mL PEG 3350, 0.68 mL 
Tris perfluorooctanoate, and 1.57 mL H^O. 

To 7.0 mL of solutions A-G a 0.14 mL portion of 
10 dodecafluoropentane was added at 4°C. The colloidal 

dispersions were created by 40 passes between two 
syringes, using a three-way stopcock. 

Formulation D was administered to mice via tail 
vein injection and had a LD50 of 20 ml/kg. 
15 Formulations F and G were toxic at 10 ml/kg. 

EXAMPLE 37 , 
An emulsion was formulated by mixing 45 mL of 
20% PEG 3350, 237 mg Pluoronic F68, 0.225 mL Fluor id 
FC-171, 2.25 mL 0.1 M Tris perfluorooctanoate, and 
20 10% (v/v) dodecafluoropentane. This was comminute^ 

by mixing in a two- syringe, three-way stopcock 
apparatus . 

This formulation was biocompatible in a test of 
hemolysis. Whole blood was collected from a rat by 

25 intracardiac puncture (2.0 mL) in a EDTA- containing 

evacuated collection tube. A 0.10 mL aliquot of 
blood was added to a 0.20 mL aliquot of the above 
formulation to simulate the peak blood level obtained 
following an intravenous dosage of 100 mL/kg. The 

30 blood was mixed with the formulation for two minutes 

and the sample centrifuged. The supernatant was 
clear, the pellet deep red, indicating no hemolysis 
even at this extremely large dosage. 

This formulation was also biocompatible in a 

35 test of acute toxicity by causing only minor, labored 



39 



WO 94/16739 



PCT/US94/00422 



breathing in mice after intravenuous administration 
at 20 mL/kg, 

EXAMPLE 38 

A formulation containing dodecaf luoropentane and 
5 amphiphilic materials in an aqueous media was tested 

for biocompatibility and utility as an ultrasound 
contrast agent. A stock solution of 90 mL of 20% PEG 
3350, 474 mg of Pluronic F-68, 0.45 mL Flurorad 
FC-171, and 4.5 mL 0.1 M Tris perf luorooctanoate was 

10 . mixed and yielded a clear solution. To 9.0 mL of 

, above was added 0.18 mL of dodecaf luoropentane. A 
colloidal dispersion was formed by comminution 
between two 5 mL syringes 

An echocardiology study was performed in a 32 kg 

15 dog according to the model described by Keller MW, - 

Feins tein SB, Watson OD: Successful left ventricular 
opacification following peripheral venous injection 
of sonicated contrast: An experimental evaluatioaf. 
Am Heart J 114: 570d (1987), incorporated herein b^ 

20 reference. Eleven administrations of the above 

formulation were given intravenously at doses of C}.05 
to 0.75 mL/kg. The 0.05 raL/kg dose gave only slight 
contrast enhancement of the right and left ventricles 
immediately following injection. All doses between 

25 0.10 and 0.75 mL/kg gave diagnostically useful 

enhancement of the ventricular chambers. The 
injections had a minimal effect on hemodynamic 
parameters . 

A 10% dodecaf luoropentane emulsion was formed in 
30 the above formulated aqueous media and the contrast 

enhancement produced compared to the 2% formulation. 
At doses of 0.20 and 0.25 mL/kg this formulation 
produced intense cardiac chamber opacification 
following intravenous administration with minimal 
35 hemodynamic changes. 
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EXAMPLE 39 

An emulsion containing a high density, high 
viscosity biocompatible aqueous medium as the 
continuous phase was formulated. It contained 0.06 
mL of 15% Pluronic F68, 0.06 mL Zonyl FSO-100, 0.12 
mL of 5% Zonyl FSN-100, 0.146 mL of 0.1M Tris 
perflurooctanoate, pH 7.2, 4.47 mL of 76% w/v iohexol 
(Omnipaque 350, Sterling Winthrop, New York), and 0.6 
mL of dodecaf luoropentane . A stable formulation was 
formed following comminution by 2 -syringe mixing. 
Other high density iodixiated x-ray contrast materials 
could be substituted for iohexol such as iopamidol, " 
ioversol, iopentol, iodiximol, and other related 
compounds. Use of water alone as the continuous 
phase medium yielded contrast agents which settled 
rapidly following formulation in the bottle. This . 
example demonstrates the utility of a high density, • \ 
high viscosity biocompatible aqueous medium as the. 
continuous phase. 

EXAMPLE 40 ' 
A series of polyoxypropylene-polyoxyethylene f 

glycol nonionic block copolymers were tested for \ , 

their ability to act as amphiphilic materials in 

stabilizing the formulations of dodecaf luoropentane 

liquid-liquid emulsions. The following solutions 

were formed: 

1.9 mL of 25% Pluronic P-68 and 0.04mL 

dodecaf luoropentane 

az. 1.9 mL of Pluronic L-121 and 0.04ml 

dodecaf luoropentane 

d 1.9 mL of Pluronic L-122 and 0.04mL 

dodecaf luoropentane 

1.9 mL of Pluronic L-121 and 0.04mL 

dodecaf luoropentane 
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fii 1.9 inL of Pluronic L-101 and 0.04mL 
dodecaf luoropentane 

El 1.9 mL of Pluronic L-92 and 0.04mL 
dodecaf luoropentane 
5 G- 1,9 mL of Pluronic L-81 and 0.04mL 

dode c a f luoropent ane 

Hi 1.9 mL of Pluronip P-123 and 0.04mL 
dodecaf luoropentane 

The above solutions were placed in sealed glass 
10 tubes and vortex mixed at 4°C for 10 min. The size 

and number of the dispersed dodecaf luoropentane phase 
particles was accessed visually. Solution H yielded 
the smallest particles. 

EXAMPLE 41 

15 The relative hydrophilic-lipophilic balance 

(HLB) is a method of optimizing a nonionic surfactant 
solution to achieve greatest stability. It is j 
described in detail in Emulsions: Theory and j 
Practice. Paul Becher. 1965, Robert E. Krieger J 

20 Publishing Company Malabar, FL, and references \ 

contained therein, and is incorporated here by ' 
reference. Solutions of Pluronic L61 (HLB 3.0) and 
F68 (HLB 29) were mixed to achieve intermediate HLB 
values by the following formula: 

25 HLB - f Ml {HLB of L6l} + £ ns {HLB of F68} 

The actual solutions, the calculated HLB values, and 
the stability of the final formulation (a 2% v/v 
emulsion of dodecaf luorohexane) are contained in the 
following table : 
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PLUR0N1C L61 PLURONIC F68 RELATIVE HLB STABILITY 



9,6mL 


0.4mL 


4 


0 


0 o 

8.8 


12 


* 
o 


+■ 


8.1 


1.9 


8 


+■ 


7.3 


2.7 


10 


+ 


6/5 


3.5 


12 


0 


5.8 


4.2 


14 


0 


50 


5.0 


16 


0 


42 


5.8 


18 


0 



O - no stability; + ■ some stability; +++ - greatest 
• stability 

The relative HLB for perf luorohexane established 
by this work is 6-8. The greatest stability of 
perf luorohexane emulsions will be achieved by using 
amphiliphic materials with relative HLB values of 
6*8, regardless of their chemical structure. 

EXAMPLE 42 ' I 

A large scale formulation of ultrasound contrast 
agents of the present invention can involve the - 
following equipment and steps: Microf luidizer , Mc&el 
HOY, Interaction chamber pressure 14,000 PSI; 
Pressure vessels, 316 steel, 5 L and 12 L sizes; 
Filters, cellulose acetate, 0.22 micron; Filter 
holders, 142 mm. The following solutions were made: 
25% (w/v) sorbitol, 12 L; 60 g Pluronic P-123, 60 g 
Zonyl FSO, 1 L, sonicate to aid dissolution (stock 
surfactant solution) . The Microf luidizer was primed 
with the sorbitol solution. The interaction chamber, 
tubing, and cooling coil are covered with chipped ice 
during the comminution process. To a 5 L pressure 
vessel with stir bar in an ice bath add sequentially: 
500 mL sorbitol solution; 500 raL stock surfactant 
solution; 800 mL water; 200 g dodecaf luoropentane . 
Pressurize vessel to 10 PSI with nitrogen for 45 min. 
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I 

Pass the suspension through the Microf luidizer for 45 
min at 14 , 000 PSI . Transfer the emulsion to a vessel 
containing 8 L of 25% sorbitol at 4°C and mix well. 
Transfer the emulsion to 100 raL vials using positive 
5 pressure, passing the material through a 0.22 micron 

filter in the process. Cap and seal the vials. 

EXAMPLE 43 

A formulation of the present invention involves 
the following equipment and steps: Microf luidizer, 

10 Model HOY, Interaction chamber pressure 14,000 PSI; 

Pressure vessels, 316 steel, 5 L and 12 L sizes; 
Filters, cellulose acetate, 0.22 micron; Filter 
holders, 142 mm. The following solutions were made: 
62.5% (w/v) sorbitol, 10 L; 41.75 g Pluronic P-123, 

15 41.75 g Zonyl FSO, 2.5 L, sonicate to aid dissolution 

(stock surfactant solution) . The Microf luidizer was 
primed with the sorbitol solution. The interact ioji 
chamber, tubing, and cooling coil are covered with 
chipped ice during the comminution process. To a p L 

20 pressure vessel with stir bar in an ice bath add * 

sequentially: 1800 mL stock surfactant solution; -200 
g dodecaf luoropentane . Pressurize vessel to 10 PSI 
with nitrogen for 45 min while stirring. Pass the 
suspension through the Microf luidizer for 30 min at 

25 5,000 PSI and for 60 min at 14,000 PSI. Transfer the 

emulsion to a vessel containing 8 L of 62.5% sorbitol 
at 4°C and mix well. Transfer the emulsion to 100 mL 
vials using positive pressure, passing the material 
through a 0.22 micron filter in the process. Cap and 

30 seal the vials. 



44 



EXAMPLE 44 

A formulation of the present invention involves 
the following equipment and steps: Microf luidizer, 
Model HOY, Interaction chamber pressure 14 , 000 PSI; 
Pressure vessels, 316 steel, 5 L and 12 L sizes; 
Filters, cellulose acetate, 0.22 micron; Filter 
holders, 142 mm. The following solutions were made: 
33.3% (w/v) sucrose, 20 L; 150.0 g Pluronic P-123, 
150.0 g Zonyl FSO, 2.5 L, sonicate to aid dissolution 
(stock surfactant solution) . The Microf luidizer was 
primed with the sucrose solution. The interaction 
chamber, tubing, and cooling coil are covered with 
chipped ice during the comminution process. To a 5 L 
pressure vessel with stir bar in an ice bath add 
sequentially: 1800 raL stock surfactant solution; 333 
g dodecaf luoropentane. Pressurize vessel to 10 PSI ; 
with nitrogen for 60 min while stirring,. Pass the 
suspension through the Microf luidizer at 14,000 PS| 
for 160 min and with a circulating water bath cooling 
the interaction chamber to -3.0°C. Transfer the j 
emulsion to a vessel containing 18 L of 33.3%, w/vj 
sucrose at 4°C and mix for 45 min. Transfer the \ 
emulsion to 20 mL prechilled vials using positive 
pressure, passing the material through a 0.22 micron 
filter in the process. Cap and seal the vials. 

EXAMPLE 45 

The dispersed phase of the present invention 
should be composed of any biocompatible chemical 
having a boiling point at or below the body 
temperature of the organism to which the formulation 
is to be administered and which will be examined 
following administration by ultrasound, such that a 
sufficient quantity of the chemical becomes a gaseous 
dispersion to provide a diagnostically useful 
alteration in the ultrasound data obtained during the 
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examination* Example 2 contains a table of the body 
temperatures of a number of species which, can be used 
to select the appropriate dispersed phase for the 
formulations disclosed herein. 
5 Under certain conditions, for example, organisms 

with febrile conditions or studies done in medical 
facilities at high altitudes, where the air pressure 
is lower, chemicals which have boiling points up to 
18 °C above the normal body temperature of the 

10 organism could have utility as the dispersed phase 

for such ultrasound contrast agents. 

Having set the upper temperature limit for 
selecting the dispersed phase low boiling liquid, the 
lower limit is determined by the manufacturing 

15 method. If the available equipment contains only 

sealed vessels, and one cannot pressurize the 
reaction vessel during the formulation of the 
colloidal dispersion, only dispersed phases with 
boiling points at or above the freezing temperature 

20 of the continuous phase can be used. For example, a 

continuous phase containing ca 25% w/v iohexol has a 
freezing point near -6°C. Using such a continuous* 
phase, any low boiling liquid which boils above -i°C 
can thus be liquified by cooling alone. 

25 However if one can pressurize the reaction 

vessel, for example with a nitrogen tank operating at 
30 lb. per sq in. pressure, one can potentially 
liquify and thus disperse any low boiling liquid, 
even those boiling at temperatures below the freezing 

30 point of the continuous phase. 

Example 44 describes a method of forming an 
emulsion with a dispersed phase liquid which boils 
above the freezing point of the continuous phase, 
while Example 48 below describes a method of forming 

35 an emulsion by the application of both pressure and 

refrigeration with a dispersed phase liquid which 
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boils below the freezing point of the continuous 
phase liquid. Obviously, any chemical will be more 
efficiently dispersed by using some positive 
pressure , to lower the vaporization of these 
materials with the substantial vapor pressures that a 
low boiling point implies. 

Having determined the appropriate boiling point 
of the dispersed phase liquid, the actual chemicals 
which are useful can be quickly determined by 
reference to standard texts, such as the CRC or a 
similar compendium. A listing of some, but not all, 
low boiling liquids arranged by boiling point 
follows : 



15 



20 



25 



30 



35 



40 



45 



50 



Chemical Lift Bolunsj Points in deg 

HljiiiL ll Yl 1 I 1 1 


roes Ceteaat 

MoJeceJar Wo 




LDcnum nunc 
Noon 


20.11 


ojat Boejofl 

-246.0 


Ntoofm <N2) 


21.01 


1964) 


Argoo 


39.9$ 


-1894 


Oxygen (03) 


32 


•183.0 


fc 1 ■ rti ■ «m 


16.04 


-164.0 


Kfypm 


S3J 


-153.0 


Nitric oxide 


30X11 


-1514 


McunCi KunuDR) 


ss 


-1294 




131.29 


-1084 


Ethylene 


21.05 


•103.7 


Ethane 


yuan 


•884 


Nitrous oxide 


44.01 


-88-5 


Acetylene 


26.04 


-84.0 


Methane, otooeo^ifloofo 


99.01 


-844 


Methane, Oifluoro 


70.02 


•844 


Cetbooyfl fluoride 


66.01 


•834 


Ethylene, Unffltooro 


64 


•834 


Ethylene, l,lHfiflnofO 


64.04 


•83.0 




70.01 


-t2J 


Methane, chJoeo oiflnofo 


104.46 


•81.4 




13101 


-794 




131.01 


-794 




34.03 


•794 




44.01 


•78.6 




34.03 


•78.4 


Butyl nferite 


103.12 


•77J 


Ethylene, tetraflnoro 


100.03 


-76J 


SulIU hexaflttortde 


14645 


-644 




95.02 


•644 




141.91 


•57.9 


Methane, diftooro 


52.02 


•51.6 


Ethylene* trifhxxo 


8103 


•514 


Carfconyf sulfide 


6048 


•504 


Propyne, 3JJ-triHuoro 


94.04 


-4IJ 


Ethane, Pentafluoro 


120 


•48.0 


Propcnc 


42.01 


-47.4 
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Ettune, l.U-trtfluoro 


84.04 


-47J 


3 


PfOpjDC 


44.1 


-42.1 


1 


EHmpc, utroso-pcntifiuoTt) 


149.0? 


-42.0 


3 


Mctfwwf, chloitHtifHiofo ■ 


86.47 


-40.8 


3 


Propyl, IJ,l^>baiafhiofo-2J-difiiiofo 


221 


-39.03 


3 


Atttnc, tctnfluofo 


112:03 


-38.0 


3 


Ethne. 1-chlofo-l lJJJ-oaitiflooco 


154.47 


•38.0 


3 


Ffrint chloro pcnttfhioro 


154 47 


•38.0 


3 


r IntT^ fl LVV n 


4S.06 


•37.7 


3 




171.02 


•37.0 


10 




186X2 


•36.0 






171.02 


•33.0 


10 


Alkoe 


40X6 


-34J 


1 




42.01 


-32.7 


1 


Trifluorowcdiyi peroxide 


170.01 


•32X 


11 


AXDQ)CtJMDC« DCXSflOOfD 


166.03 


•314 


' 11 




113.01 


•31.1 






6041 


•30X 


j 




120.91 


-29.8 




tTlJLHuLl JLII fl II I 


150X2 


•29.4 


3 




166X2 


-28X 


3 




102.03 


-27.0 


3 


EllMOB* l,l,l,2^ettiluDro 


102.03 


•26 J 


3 


Effaytene, lHBhlflJP-l»2J2^rtftB0tO 


116.47 


•26J 


3 


11647 


-26J 


3 




46.07 


-25.0 






66X5 


-24.7 


m 




162j03 


•244 


3 


MH/MlC| I^MMVl^MV 


toj 


44.0 


3 




40X6 


-23.2 


1 


MflfeM. L_L_lillkjLmL 


19401 


-77 « 






170.07 


.22.2 


11 


MT*t\wi~T tutfboyl fioofMt, tttttooro 


15X06 


•21.7 






96X5 


-21X 


3 


PropsDSt 1 , 1 1 1 ( 3«3 a Pcflttfiooro 


132X4 


-21.0 


3 




196X6 


-20.0 


3 


rrtim __ . y Vf^nZ31 


102X4 


•19.7 


3 


EW/NW| A^flMVl| I^HMMW 


9tJ 


-17.7 


3 




170.03 


•15X 


3 




9tX7 


•13X 


3 




15952 


•12X 


3 




61.04 


•12.0 


11 




199.03 


•12.0 






136.41 


•1X0 


3 




58.12 


•114 




EdMDC. l<feloro»l,l f 2j4e&iftaofo 


136.46 


•10.0 


3 




62X9 


•10.0 


3 




6i.a 


-9.1 


3 


botayftme 


56.11 


-6.9 




Dfcnt&yl antot, h—flaora 


153X3 


-6.7 


10 


1-BoMM 


56.11 


-6-3 




Wtawyl cfoloricW 


65.47 


-5.5 


11 




54.09 


-44 






20aQ3 


-4.0 


3 


Propylene, 3*fluoro 


60X7 


•3.0 


3 


^MoicctiyftoxootBRi ckloridc 


S2J3 


•2X 


3 


Propinc* 2^cntopoocptifloofo 


204.47 


•2.0 




Proptm. KUXU-HBdftwo 


152.04 


•14 




Propnt, l,l v l*3«3«3"He3ctfluoio 


152X5 


-1.1 






136.32 


-0.7 






5112 


-Oj 




Pro pine, Z^-difluoro 


60.0S 


-0.4 




Eihanc. 2<hloro% M^fifluoro 


100 


-0.1 






165.02 


0.0 




2-Butcnc, perfluoro 


200.03 


0.0 
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Acetylene, isopropyl 


68 


0.0 


2-Btnene (inns) 


56.11 


0.9 


U-BcnxMjthnocne, 4-methyt 


242J2 


1.0 


Propane, U.iO^J-hexafluoct) 


152.04, 


\2 


2-Bmene, octafluoro 


200.04 


\2 


Azo/nethane 


58.01 


\S 


Phthalic acid, cenchloro 


303.91 


2.0 


Tnmethyl amine 


59.11 


2.9 


Cyclobutene, perftuoro 


162.03 


3.0 


1-Butene, 3JA4,4-Pentaflooro 


146 


3.0 


Ethane, Usj*chkxo-U^-«refluoro 


170.92 


3.0 


Ethane, M-dkhtofo-l,2Jj4emtinofn 


170.92 


3.6 


2-Buttne <*} 


S6.ll 


3.7 


Ethane, 1 ,2-dfchloroeru afluuiu 


170.9? 


3J 


Butane, decaflooro 


238.03 


4.0 


Cyclopropane, methyl 


56.11 


4.0 




152 


4.0 


Acctylenc-nrDiDO 


104.93 


4.7 


l«fiuksne, pcjfluotp 


200.03 


4.8 


Benzoyl chloride, pentachlofD 


312.7* 


5.0 


■ Ethane, 1,1, 24rtfloofn 


84.04 


5.0 


Vinyl tcctykne 


52.08 


5.1 


l>Butaaene, hexaflooro 


162.03 


6.0 


Propene, 2-crtftjonxnetfeyi 


110.08 


6.0 




48.1 , 


6.2 


Propane, 1 1 1 M tlaiafliajm 


15X04 


6J 


Carbon wbo*idi 


68.03 


6J 


Ethane, 2<Uon>1,U^tfkaaro 


11849 


6.9 


Furvcne 


78.11 


7.0 


Dmctfiyi ammo 


4S.08 


7.4 


Propane, 2 a caaofO~l, 3"diflooro 


1I4JI 


u> 


1-BUQfM 


54.09 


8.1 


ntcmane, aicnioro~unoro 


102.92 


9.0 


Ncopentane 


72.13' 


93 


Ethylene, )<falofo-2*flooro 


80 J 


10.0 


Dutadfrne 


50.06 


lOJ 


1 J-Butadfcne 


54.09 


10J 


Ethyl methyl emcr 


60.1 


10J 




72.08 


1X0 




67.09 


1X0 




56.11 


1X0 


leobmano, t^-cpaxy-3-chioro 


106.55 


1X0 


ti,rt i - » » -*- 

WOUJfl TMSJi UUU 


58.08 


1X0 




248.9 


12.0 




243.9 


1X0 


Propane, 2^triftnceonxftyf^l,l,l,3 v 3,3^MialU)on> 


211 




64.51 


1X3 


Diasocthana, l,l,l a tttflonfo 


110.04 


13.0 


2-ftnene, 3-cnethyl 


68 


14.0 




76.23 


14.7 


Ethyl nUrha 


75.07 


16.0 


Ethyl amine 


45.08 


16.6 


Tomjnm nexaftoortfe 


298 


17.5 


2*3-Dancmyl*2«noftMniano 


140.23 


19.0 


Ethylene, l,lHttchlnn>2, 2^Uflaoio 


133 


19.0 


Methane, bromo fluoro 


112.93 


19.0 


l-Butene, 3-mahyl 


70.13 


20.0 


nniim . i it i 
oonne, ueuciuyi 


55.91 


20.0 


FhMrinen, FC47 (3M Trade Man) 


Unknown 


20.0 


cyclopropane, i,iHnmeinyi 


70.13 


20.6 


AcetaJdehyde 


44.05 


20J 


Acetyl flouride 


62.04 


20.8 


txx uk, oancoiyi, mcinoxy 


71.19 


21.0 


Ethylene, 1 ^-dichAorO" 1 «2^Ufiooro 


132.92 


21.1 


Ethylene, dichiofo dlfhwro 


132.92 


21.1 



1X03 
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Methane, dlftuoro-bdo 


177.92 


21.6 


Diaoetykae 


50.08 


2X0 


Propylene, 2<hloro 


76J3 


22.6 


Carvone- (d) 
Methane, tnchlofofiuoro 


150.22 


23.0 


137J7 


23.7 


1 J-DioxoUne-2-ooe. 4-methyl 


102.09 


242 


Methane, dibromo difluofo 


209.82 


24.5 


2-Pcmanone, 4-emtno-i-methyl 


115.18 


25.0 


Methane, chJoro difluoro nhro 


131.47 


25.0 


Propane, heptafluofo*l<khio 


215.03 


25.0 


Cyctopaaene, 3-duoro 


102.56 


25.0 




68.12 


26.0 




92.14 


26.0 


3-B\otne-2-one, 4-phenyl (Mi) 


146.19 


26.0 


Propane, 1 , 1 ,2^3*PcAiaflDoro 


13456 


26.0 


2-Butyne 


$4.09 


27.0 


Ethane, 2^4icnion>l,l,)*tilfluQro 


15X9 


275 


Cyctopenme, n. ixfl 


211.05 


27.0 




12121 


27.0 


2-MethyJ butane 


72.15 


27J 




7X15 


27J 




1525 


28.0 


MMM f VUHWI Vf Will^ 1 mmw^m^^^^^mm^ w 


150.05 


28.0 


Cyclopropane, I J-Onethyl (trans, 1) 


70.13 


28.0 


Vinyl ether 


70 


28.0 


Cyclopropane, l^^dknethyl {sans, dl) 


70.13 


29.0 


Toluene, 2,4HfiemJoo 


122.17 


295 




250.04 


29.0 


1 BSna^jSShyT 


68.12 


29.5 




70.13 


305 




196 


305 




2075 


305 




122.14 


305 


i r i - xjmmm 


149.03 


30J 




7tt04 


30.5 




66.05 


30.7 


n VjL.it, .J 1 1 ijfMwm 
IMIIHW, J^n88iyi, I,l,l"wmin«v 


126.12 


31.0 


1'Btnane, 2-OMthyl 


70.13 


312 




60.05 


3IJ 


^^■^•^fr^^h?^. trtftuofo 


16852 


315 


Ethane, 1.1-acWoro-l-taoro 


11655 


325 




90.14 


325 


r^f r^tona tfBtftT* 


277.83 


3X0 


Propane; 2-waw 


59.11 


3X4 




76.11 


3X5 


Methyl Mopropyt after 


74.12 


3X5 


rnjpyn, hhw 


76.53 


3X8 


BtztyraMcfcyde, 2^rano 


151 


335 


2-aoane, 2<atao-l,U.4A4*exaih»ro 


198J 


335 


IJ-Bata4cne, l,2>trfchloro 


157.43 


335 


Boaae, 2<ttoro-l,l,l,4A4^wcaftioro 


. 199 


33.0 


bit (Dbnctbyl pboephlno) mine 


137.1 


33J 


1 3-BMadkaa, 2-acftyl 


68.12 


345 


I-Dukjm 3-yoe, 2-metbyl 


66.1 


34.0 


Uoprcne 


68.12 


345 


Methane, chloro dinJoo 


140.48 


34.0 


Propane, 1,2-epoxy 


58.08 


34J 


Cyclopropane,' ethyl 


70.13 


34.5 


Ethyl ether 


74.12 


34.5 


Dimethyl dawlfldc, heuflnoro 


20X13 


345 


Ethylene, U-dfchtoro-1-ftnoro 


115 


355 




22053 


35.0 


Ethyl vinyl ether 


7X11 


355 


n m - 1 * 

rropane, 4-cnioro 


78.54 


35.7 


Methane. bfomo~dtlofO-0uoro 


I47J7 


365 



to 
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127.23 


36.0 


11 


1,13-Nooafccm tricarboxylic add. 2- 


500.72 


36.0 




— Hydroxy, tnrDCtnyicstCf 








Dmctbyi edsyl noise 


73.14 


36.0 


10 




72.15 


36.1 




2*Pentcne { Crsu } 


70.13 


36J 


j 


Cyciobuune, methyl 


70.13 


36J 




Ethyl methyl mxudc 


59.11 


36.7 


10 


2-Pentene {ess} 


70.13 


36.9 




CycioprofMne, 1,2-dincthyl (est) 


70.13 


37.0 




Ethylene t.l-dkhloro 


96.94 


37.0 




Propylene, l^hk)fo-{tnns} 


76.53 


37.4 




Ethykae, U-dkhkjro-2-flooro 


114.93 


37J 




Mcthn» dkhtoro 


14.93 


404 






14144 


414 




Mane, l,l«dkhk)fO 


98 


57J 





CHEMICAL GROUP DESIGNATION 

1 Aliphatic hydrocarbons and/or derivatives 

2 Aromatic hydrocarbons and/or derivatives 
20 3 Organic halides and/or derivatives 

6 Ethers and/or derivatives 

7 Aldehydes and/or derivatives 

9 Carboxylic acids and/or derivatives 

10 Amines and/of derivatives 
25 11 Miscellaneous 



EXAMPLE 46 ■ • 

The dispersed phase can also be selected f romj a 
group of azeotropes by the principles and criteria^ as 
set down in Example 45. A listing of some, but ngt 
30 all binary azeotropes, with the boiling points 

follows: 

Acetone (21%) -Pentane (79%) 32°C; Ethyl ether 
(48%) -Isoprene (52%) 33°C; Ethyl ether (44%) -methyl 
formate (56%) 28°C; Ethyl ether (98 . 8%) -Water (1.2%) 

35 34°C; Isoprene (86%) -2 -methyl -2 -butane (14%) 34°C; 

Isopropyl chloride (99%) -Water (1%) 35°C; Methyl 
vinyl chloride (99.1%) -Water (0.9%) 33°C; Pentane 
(98.6%) -Water (1.4%) 34°C; Vinyl ethyl ether 
(98.5%) -Water (1.5%) 34°C. 

40 A listing of some but not all ternary 

azeotropes, with the boiling point follows: 

Acetone (7. 6%) -Isoprene (92%) -Water (0 .4%) 32°C; 
Carbon disulfide -Methanol -Methyl acetate 37°C: 
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Carbon disulfide (S 5%) -Methanol (7%) -Methylal (38%) 
35°C. 

EXAMPLE 47 

The colloidal dispersions of the present 
5 invention are distinct and differ from prior art 

emulsions for ultrasound contrast in that at least 
some portion of the dispersed phase percolates or 
vaporizes following administration to an organism. 
The presence of tfcis dispersed material with a 

10 distinct liquid-gas interface provides the basis for 

the strong backscatter of the acoustic beam. 

One test of the presence of a dispersed g*s 
phase emulsion is the response of the ultrasound 
backscatter from the dispersion to changes in 

15 pressure. While true liquid dispersions are largely 

insensitive to compressive forces, a gaseous ; 
colloidal dispersion will show a decrease in acoustic 
backscatter when pressure is applied, due to j 
compression of the gas and a decrease in the 

20 effective backscatter cross section. ! 

With the experimental system of Example 1/ thfe 
acoustic backscatter in a sealed beaker was tested' 
through an acoustic window. Then pressure was 
applied to the system and rerecording the acoustic 

25 backscatter recorded. Since the acoustic backscatter 

differed significantly following the application of 
pressure it was concluded that the dispersed phase 
contains some portion in the gas state. 

EXAMPLE 48 

30 A formulation of the present invention can be 

made by condensation of the dispersed phase from the 
gas state rather than comminution from the liquid 
state and involves the following equipment and steps: 
Microf luidizer, Model HOY, Interaction chamber 
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pressure 14,000 PSI; Pressure vessels, 316 steel, 5 L 
and 12 L sizes; Filters, cellulose acetate, 0.22 
micron; Filter holders, 142 ram. The following 
solutions were made: 36% iohexol, 10 L; 41; 75 g 
5 Pluronic P-123, 41.75 g Zonyl FSO, 2.5 L, sonicate to 

aid dissolution (stock surfactant solution) . The 
Microf luidizer was primed with the iohexol solution 
and the entire container cooled to -6°C. The 
interaction chamber, tubing, and cooling coil are 

10 covered with chipped ice during the condensation 

process. . To a 5 L pressure vessel with stir bar in 
an ice bath add 1800 mL stock surfactant solution. A 
tank of propane (boiling point -42°C) was attached to 
the interaction chamber by gas tight fittings and the 

15 chamber charged with 200 g of propane. The entire 

vessel was pressurized to 10 PSI with nitrogen for 4? 
min while stirring. The suspension was passed 
through the Microf luidizer for 30 min at 5,000 PSI j 
for 60 min at 14,000 PSI. The emulsion was 

20 transferred to a vessel containing 8 L of water at) 

4°C and mixed well and transferred to 100 mL vials* 
using positive pressure, passing the material throjbgh 
a 0.22 micron filter in the process. Cap and seal 
the vials. 

25 Other emulsions containing other low boiling 

materials of Example 45 can be made in a similar 
manner by varying the dispersed phase and being 
certain the pressure and temperature are sufficient 
to liquify the dispersed phase material. 

30 EXAMPLE 49 

The dispersed phase can be composed of any 
chemical which has a boiling point under standard 
pressure conditions below the body temperature of the 
organism to which the formulation is to be 

35 administered and which will be examined following 
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administration by ultrasound. Example 45 discusses • 
how one selects suitable chemicals for the dispersed 
phase based on the temperature range obtained by 
consideration of the boiling point of the selected 
5 chemical and parameters of the manufacturing process. 

Having determined that the boiling point under 
standard conditions of pressure is preferably below 
approximately 37°C, it has been found that selecting 
chemicals by the total number of atoms present 
10 provides an alternative method of selecting suitable 

materials as ultrasound contrast agents. A listing 
of suitable chemicals, arranged by total atoms 
present, reveals that all preferred chemicals contain 
between four and seventeen atoms and follows: 
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List Boiling Points in octrees Cddus 

None 

bromo-mcthane 
bramcHttfluonMncdmc 
chlofo-fiuofOHndhme 
brotno-oidc Mfc r kKHftthmc 



Tool 
Atoms 



10 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



60 




2-chJoro- 1,1 



oxaiyt fluoride 
fefBMpkte 
2-bforao- l t l«difluoRXthcns 



1,1- dicjikwo»2»2^1ifluoii>*<mcBC 
!• brano-2-i 



1,1- dkhkoro-UH 
1*1 dlchlOffO^CdMBB 
un*if< iJK&MjfuuorociujfMuu 

-1- J \l «- 1 a ^ I l 

1,1 dichlow>2-floofO , <t hc n o 
Meutyldbluon 




2-chk*o- 1,1.1 

Fluoif UwyMi tftoonndhytn 




2. dloo-U.lH 
l-chiofo- I- 

1.1* 
1J2- 

2* bromo»l,l.l j 

ChionucthyMiiflttor<itopc 
1.2- dUhwfxtfawM 
2* chioro- 1 . 1 -diftaonxthant 
tetnchlofo* I f 2*4ifhjOftxtiNoc 



Molecular 
Formula 

CH3Br 

CHBrF2 

CH2CIF 

CD3Br 

002 

CHCDF 

CH4Sc 

CHF21 

C&2F2 

CCDF 



C2HC1F2 

CHF3S* 

C2K3C1 

C2F202 

CH3N0 

C2HBrF2 

cms 

C4K2 

C2H3Br 

C2Q2F2 



OOBr 

C2CDF2 

C2H2CD 

C2H02F 

C2HC32F 

C2HCQF 

CH3F2N 

CH3F20P 

CH5N 

CH3BCQ 

C204F2 

C2H3CD 

C2H2CM 

C2KK3F2 

C2H2Br202 

C2Q2F4 

C2H3F3 

C2C32F4 

C2HF4N 

C4H4 

C2K20F3 

C2F40S 

CH50SI 

C2H4F2 

C2DSO 

C2F51 

C2HF3N2 

C2H4QF 

C2K2CS4 

C2H3Q3 

C2H2BIF3 

cmansi 

C2H4F2 
C2H30F2 
C204F2 
C2Br05 



Wcijnt 

94.94 
130.92 
61.41 
12 

61.03 

10252 

95 

17752 

20912 

137.7 

147J7 

98.48 

14S.97 

62J 

94.02 

45.04 

14253 

411 

50.06 

10655 

13X92 

124.94 

94.94 

13X92 

9654 

114.93 

11453 

11453 

67j02 

100 

31.06 

96.75 

20313 

133.4 

167J5 

100 J 

256.75 

17052 

S4.04 

17052 

115.03 

52.08 

11M9 

141. OS 

1039 

66.05 

64.51 

24552 

110.04 

82J1 

167J5 

133.4 

16X94 

134.56 

66.05 

100.05 

20313 

114 



Boilinj 
Point 

32 
-14.15 
-9.15 
2.8 
61 
8.9 
12 
21.6 
22.79 
23.65 
36.11 
•18.6 
-14.5 
-13.9 
-2.7 
XI8 
5.7 
55 
9 

151 
1X9' 
191". 
3.2 
20 
318 

:7 
:7 
: 7 

- 6 

■* 

if. 3 
-37.5 
-24 
-16J 
-91 
1.78 
3 
3 
3.5 
5 

5.11 
6 
8 
8 
10 
12 
12.5 
13 
16 
16J 
24 
26 
26 
30.7 
35.1 
37.5 
38 
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dbncthyl-sUtne 

Penttfluorcycloproptne 
1 difluorDmethyl-trifhionmKthyl sulfide 

pcmifluoio^fopcne 

ChkxpcntifhjotiycJopfopinc 

GcnnyliCctytc&B 
rtns- 1,1X3 Tctrafloofcyclofvopnt 

2* chtecD*pctttifluoio^fopcDC 
3* chtoH>*pcBttfluott^iopcMC 
!• chioffo-p cn u fh i o fo-propcnc 

fluoftMncthyHnethyl ctbcf 

Branpeaaflnoivydoprapw 

Vinykyxy*#cctytcot 
2* riUuto^pfopB in 
clnnns-l- Chlor-1 >ZZ3-«nfkiorcyidopropMC 
3- 

22- dkttoro-1,1.1 

FOHD 

2* QrioMftDytariflnontaK 
3- bromo-I.UH 




eihyMriflnofO-fibnc 



2 L ? » difiuofo-pfopflDC 





C2H1S1 


60.1 


•20 




C3HF5 


132.03 


-9 




C2HF5S 


132.08 


0.8 




C3HF5 


132.03 


1.8 




C3QF5 


166.41 


3 




niwv 


ion m 


J. 9 J 








X 

0 




UUr} 




4 7 

0./ 






I00.49 


4 1 






I XX Jft 
100.4V 


ft' 
V 






44 fVt 
04. uo 








?l A Ol 


"5A « 






Aft Aft 


44 








77 4 




UnUr4 


14140 


24 5 




OBrf5 


21053 


26.5 




C2HCOF3 


13253 


27 












UH3U 


■7* #1 


32.1 




uHSVNi 


1*0 J 7 


33 




V3fQI*4 


1I4.U* 


34 






19Z.9I 


34 




C2H651 


62.13 


35 




C2H6S 


62.13 


36 




C2HCZF43 


164-M 


37 




• 

OH5Q 


76J3 


37 J 




C4H6 


54.09 


' A m 




C2H5H3 


61.49 


-3.7 




C3F4N20 


156.04 


2 




C3HF50 


149.03 


<> * 
2 




C4H4F2 




« m 

3.3 




C3H0O 


39419 . 






C4F6 


16103 


5.8 




C4H6 


54.09 


7.9 




C4H5D 


mm \ 

55.1 


1 




C4H6 


Mm AA 

34.09 


ft « 

9.9 




C4H6 


34.W 


m ftj j 
10.94 f 




nun 


T7 Aft 


1 1.5. 




C4HT3 




ti ? 






\Am fY% 
14940 


ii < ' 
13.3 - 




C2H5rZN 


■ 1 At 

91.07 


|i A 
I4.T 




UluwM 


191 A< 
14JJD3 






C4H5F 


7X09 


15.6 




C4H5F 


7109 


16 




u*n/n 


44 Aft 


144 






4? M 
OA.U7 


3.0 






137 1 


21.8 






147 00 

I4A.WT 


26 






54.09 


26.97 






22653 


31 




vmmHhh 


120.79 


31.75 






179.49 


33 




C2F6S2 


20X13 


34 




C3H60 


59*09 


34X3 


11 


C2HSSI 


60.17 


•14 


II 


C3H5F3 


99.07 


-13 


II 


C3H7F 


6109 


-11 


11 


OF6G2 


19X03 


-9.7 


11 


OH5F3S1 


114.14 


-4.4 


II 


OH7F 


6X09 


•3 


II 


OH6F2 


90.09 


-0.6 


11 


C3H2F6 


15X04 


-0J 



56 



WO 94/16739 



PCT/US94/00422 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



PcfflttOfcyriobottnooc 
I,l,1^2J-hcxtfluonH)rop«e 

2- chJoro-heptaflooro-propne 
didcutcncHlirecfhyl gcnranc 
!J* dlfiucsro-pf opme 

ethyMrideuserio germane 
disttwy Mm dune 
1-chJcro- MJJ-cetraihiofo-propm 
TrifluorofUydbncshylsniDe 

disitayMnedune 
dtvfeiyli 

1- sa»-> 

2- chtoro-l.1,1- 
2- reetfiyl^ai-l-eo-3-yne 

BtMrifluoiiUy k fic fa io niicdMPC 

U- 

2- chloro-prapVM 

ethyl-vinyl ( 

3- 

2* chtofo»2H 

Bb- trtflooffttytedhn 

»- > - - *♦ -» « »« 

cnJOfDHumftnyt-MBM 

U 




methy l-cyctopropflDC 
but-2 t-a* 
buaene-a) 




but-2 

1,1,1.4,4,4 Bniflnor* 

2R3I* 
3,3,3- triflB0fO"2' 




1.1.1- trifluofo-bifr>2 MM 
1,1.1* trifluon>4wi-2 MM 

AUyttrifluoniteM 
l.U Triftior-2-i 

1.1.2- Triftuor- 1 «cfa)or»2-<riftuonntihoxy« 



hcptftftuorD^ropflnt- 1 -thiol 
(2- Brom-l,li2-tttriflaor-€thyl)» 
trifluonnethyl-ethcr 
CycJopropybllane 
3 J difhxin>-2-niethyl-propeiie 
1.1.20- TctrinuorrthyldifhiofroethyletheT 
20,2 TrifluomhyWifluormethy tether 



C4F60 


178.03 


I 


C3K2F6 


152.04 


10 


C3CIF7 


204.47 


20 


C2H6D2GC 


106.69 


6.5 


OG6F2 


80.01 


7 


C2H5D3GC 


107.69 


11 J 


CHtsn 


7605 


14 


C3H30F4 


150.5 


19.93 


C2H6F3NSI 


129.16 


21 


C3H7N 


57.1 


27.5 


CH8SD 


7605 


28 


C4H60 


70.09 


28 


C3H4F4 


116.06 


29.4 


CHtOtSJ 


120.75 


30 


C3H40F3 


13251 


30 


CJH6 


66.1 


32 


CC12F6SD 


253.08 


34 


C3C32F6 


22053 


34.8 


OHTO 


7854 


34.8 




72.11 




C4H60 


70.09 


35 


G3H60F 


9653 


35.2 


CH2F6SD 


184.19 


355 


C2H70SI 


94.62 


35.7 


nrnu 

WvAirO 


* f\/JrJ 




CHOF6SQ 


218.63 


37 


C3F7NO 


199.03 


-95 


C4Ft 


200.03 




C4tO 


56.11 


-6.9 


C4F8 


200.03 


-6.42 


C4» 


56.11 


-60 


C3HF70 


186.03 


-2 


C4F8 


200.03 


0.4 


C4HS 


56.11 


0.7 


C4HS 


56.11 


0.88 


C4HS 


56.11 


II 


C4F7N 


195.04 


1 

li 


C4F1 


200.03 


C4H6F2 


92.09 


3.71 


C4HS 


56.11 


3.72 


C4FS 


200.03 


4.8 


C4H2F6 


164.05 


5.4 


C3H5F30 


114.07 


5.5 


C4K2F6 


164.05 


6 


C4H5F3 


110.08 


6 


C3HSO 


60.1 


6.6 


C4HF7 


182.04 


10 


C4KS 


56.11 


12 


C4K3F5 


14646 


12.8 


ansi 


72.18 


13.7 


C4H3F3 


110.08 


20 


C4H5F3 


110.08 


20 


C3H5F3SI 


126.15 


21 


C4H2F6 


164.05 


215 


C3HOF60 


20248 


23 


C3HF7S 


2025 


23.7 


C3Bif70 


26453 


24 


C3H8S1 


72.18 


26.8 


C4H6F2 


92.09 


28.1 


C3H2F60 


168.04 


28.5 


C3H3FSO 


150.05 


29 



57 



WO 94/1(739 



PCT/US94/00422 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



1.1.1- trifluoro-2-methoxy-i 
2- chtoro-heptafluoro-but-2-ene 

2HJH houiluwo-but-2 cent 

2- chlon>3H^tcuftooro-tMt>2ow 
ttn-B-nuoro-B3'-edUMdiyl- 

bis-boranc 
Ethyl-ciftuormahyl-julftde 
metfiyHI,1^2-tttnfluan>- 
cthyl>«ther 
( Chlor-<Ufluoniie*yl)-aA2-Oifliiorw 
ethyl>-etbo 

1.1.2- Trtfluor-U-dlcfalof2- 



1* Nhroso»2^rlfluoi p rt tm y* 
tcmfluofBdupc 
Nofufluor^2-abuane 



33* Dirochyi-cyciopfopcne 
pem*-l,4-dteoe 

3- Methyl-cydobuaent 

Tri 




fien-botyUttm 



3,4,4* Trtftuortsoprene 
2 a H>cthyK^f O p n 




pgfftoornhoKytcciytBaorMi 
frknrihyt-ftaM 

OMpfopyflmoM 
2-fluon> 2-fBcthyHprapm 



2* Trifliio f O Bi cd y i^wpww 
Pti fluof w 2Htz^ , pcniE0^2) 
OuuwHi l uw hyMhDB 



TrMtrifluonnethy1> 



propyKtitaoe 
!J,lJJ>hcxih«ofo-2Hnohy1-frepw 
2 

1,1,1,4.4.4 

trtftuoro propyl ittm 

n_llLU lLl_l,ifW_PlkLjl 4 

l^u«irihiHiMii;i I 

Tri methyl Gcrounc 
Dimethyl -hydroxy!* 
Z2 difluoro-buane 



12 


C3H5F30 


114.07 


31 


12 


C4CIF7 


216.49. 


32*2 


12 


C3F5N03 


193.03 


32.6 


12 


C4H2F6 


164.0S 


33.2 


12 


C4HOF6 


198.3 


34.4 


w 


C2H4B2F4 


123.67 


35 


14 


wiurjo 




5< 


14 


P1M4F4TI 


1 J4.W 


JO.3 


14 


r*5U5dF<n 
^oritur jvj 


114 40 


59 


12 


C3O2F60 


23653 


37 




(PtPTMfM 


4I9AA9 


•IV 


1J 




55 1 05 
441.UJ 


.5 ft 
"J .ft 


15 


f*5UOM 

uffyn 


CQ II 


3.3 


15 


fftUft 


Aft 15 
04.14 


It 

15 


J J 




4ft 19 
Oft. 14 


94 

24 


• 9 
13 


wfift 


MM |9 

Oft.14 


94 
4© 


13 


S*CUft 


oft. 14 


99 < 

47 J 


13, 


nincAn 


ISA A4 


9ft 
4ft 


13 


OCUft 

\J3nft 


4ft It 
Oft. 1 4 


1A 

30 


13 


C4r0N2O 


2Qft; Q5 


31 


13 


WlOn 


CO 1 1 
39.11 


11 9 

31*7 


13 


C4H3rXJ 


149 Aft 


99 

32 


13 


piinfl 
CftHBl 


44 |o 
■ft. IV 


' 99 
34 


13 


ratify 


99 14 
74.1ft 


19 

33 


13 


GZHftUBSI 


on it 


11 ft 

33 J 


13 


vftKWJ 


99 1 1 

74.11 


94 
3ft 


13 


C4H12S1 


1122 


34.4 


13 


csm 


6112 


35 


13 


W»3H3r3 


155 AO 
144.1/7 


54 

33 


13 


C5HS 


66.12 


37 


14 


C4HI0 


56.12 


-13Ji 


14 


V*ftr lw 


2jg QJ 


.1 9 


Ift 


WWII 


40 15 




14 
1* 








14 

Ift 




559 5 

4J4J 


w 


1* 


rnuinsi 


74-3 


6 7 


14 


C4FSQ2 


23X03 


8 


14 


C4H9F 


76.11 


1 1 


14 


C4F9N 


233.04 


12 J 


14 


C4H7F3 


112.09 


13 


14 


C4F9N 


233.04 


13.2 




C3H9FS1 


92.19 


16 


14 


C4H7F3 


112.09 


16.74 


14 


C4H9B 


67.93 


17.1 


14 


OFlOQt 


29161 


19.1 


14 


G3H9FS1 


92.19 


20 


14 


OHIOSi 


74.2 


2U 


14 


C4H4F6 


166.07 


21.5 


14 


C4H9FF 


76.11 


24 


14 


C4H4F6 


166.07 


24J 


14 


OH9B0 


71.91 


24.6 


14 


OK7F3SI 


12117 


25 


14 


C3H9DGc 


119.71 


26 


U 


OHIOGe 


118.7 


26 


14 


OH9NO 


75.11 


30 


14 


C4H8F2 


94.1 


30.92 



56 



WO 94/16739 



PCT/US94/O0422 



10 



15 



20 



25 



30 



35 



40 



I- fluofo-buttnc 
Tris- (tnfluofomcthyl)-fcrmiiiiumchloh<k 
nontfluon>-l -fjrtroso-butmc 
3- methyl-but-l-ene 
I.I- dimethykcycioprofMnc 

3- methyl-but-l<oc 
1,1- dfaneihyl-cyd opf o pwc 
dccifluoro-cyciopeattoe 
1,1,1 J J >Htxtfluof-2«flHroso-2-trifluonncihyl- 



£ Tnns* 1 J^Uiucthy l a <yciopiD|MDc 
1«2 dlnicihyl-cyctopfopoBC 
pcm-l<ae 

1- Ntawo 4 mon o h y d 
triftumo tcetic idd» 

(bis^riftuurunictiiyKMnfcfc) 
topf pp y l-ai cd i y I ether 

2- metfeyl-but-l-cnc 
Pcffl uufpropyiflMttay Idbti 

II, A I -* 

uituiyi cmcr 
cihyl-cyclop ro p n 
ethyt-cydobu 




Mcttn 



3,3 dlmethyMwi-l-yt* 
U* duudhyl-prepnc 
(-XSH* Oooro-2-«etfayt-buc«* 

<-XR>-2- 




14 


C4H9F 


76.11 


31 


14 


C3ClF9Ge 


315.06 




15 


C4F9NO 


249.04 




(5 


C5H10 


70.13 


20 


15 


C5H10 


70.13 


20 


15 


C5H10 


70.13 


20 


15 


C5H10 


70.13 


20 A 


15 


C5FI0 


250.04 


22 At 


15 


C4F9NO 


249.04 


24 


15 


C5H10 


70.13 


28.2 


15 


C5H10 


70.13 


23.8 


IS 


C5H10 


70.13 


29 


15 


C4HFIN0 


231.05 


30 


15 


C4F9NO 


249.04 


30 


15 


C4HI0O 


74.12 


30.77 


15 


C5H10 


70.13 


10 9$ 

JUJJ 


15 


C4H3F70 


MAM 


1A 


• c 
13 




tA 11 

74.12 


34.6 


13 


C5H10 


70.13 


35.8 


15 


C5H10 


70.13 


36 


15 , 


C5HI0 


70.13 


36.15 


15 


C5H10 


70.13 


3635 


15 


C5HI0 


70.13 


37.03 


15 


C5H10 


70.13 


37.2 


16 


C4F9N02 


265.04 


15 


16 


C3H3NUB 


73.91 


174 


IA 
10 


v*r 1 IN 


271.09 


ZJ.9 




v*r I in 


lit Al 
A/I.UJ 




16 


C6H9N 






16 


C4H9BF2 


10552 


35 


16 


C4HUN 


73,14 


36.4 


16 


C6H10 


S2J5 


37 


17 


C5H12 


72.15 


0.95 


17 


C5H11F 


90.14 


14.1 


17 


C5Hlia 


106J9 


24.* 


17 


C4H12S* 


17M3 


„3 


17 


C5H12 


7X15 




17 


C5F12 


2SS.04 


30.12 


17 


C4F12Gt 


34J.6I 


31.7 


17 


C5HI2 


7X15 


36 



45 



50 



EXAMPLE 50 

In a preferred embodiment, the dispersed phase 
can be composed of any chemical which has a boiling 
point under standard pressure conditions below the 
body temperature of the organism to which the 
formulation is to be administered and which will be 
examined following administration by ultrasound. 
Example 45 discusses how one selects suitable 
chemicals for the dispersed phase based on the 
temperature range obtained by consideration of the 
boiling point of the selected chemical and parameters 
of the manufacturing process. 
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The boiling of pentane (dodecahydropentane) and 
perf luoropentane ( Dodecaf luoropentane ) are 3 6 - 3 7 ° C 
and 28-29°C, respectively. This is an excellent . 
temperature range in which to select suitable 
chemicals as the dispersed phase. Therefore, 
chemicals which contain five carbon atoms and 
variable hydrogen and fluorine atoms will have 
boiling points between 28 and 37°C and will make 
suitable dispersed phase chemicals. The following 
listing of suitable chemicals contains some, but not 
all chemicals containing five carbons, with variable 
numbers of hydrogen and fluorine atoms, i.e., C S H X F Y : 

1 ,3-Cyctopentadiene, 5>difhion>-;Cyclobutne, 

1- fhwroOnneAykne-^ (fluoronethylene>;M ethylene, 
cyclobutylfluoio-A4^1opemidieo.|.yl t 2-fluoro-^-Fhioriiihim, iao(-\\ [ 

hydroxicto, inner laJt^Tuorin^ fluorine 
complex;Fluoraniinn;Cydopeotyne, 4-fluoro-;Cyclobutene, Htrifhujromcthyl>;Cyclopeatane, 
l,l,2^.3^exafluoiosTO^ fluoro-, ion(l-);Spiro(2^)pentine, 

fluoro-, ion(-l);Trkyclo(1.1.1.01 J)pemane, fluoro-;cyclopcntiDe, 1,2-difluoro-, * 
transsCyclobutate, 1 , 1 HiiflttOfo-3-roetfaylcne; 1 3-Cydope ntt d ic nc, f 

2- fluoro-;U-Cyclopeotadiene v l-fluoro-;Bicyclo(l.l.l)pentine v 
U^iifluoco-il^-Cyclopentidiene, 1,2^,4^-pemafhioio-, dtmer > l v 3-Cyclopcntadiene, 
U^,44etiifhioro;!3<Jy«lopemadiene t l^ t 4^-peniifhioio-;CycIo|ient^ 

1 ^3 v 3 t 4>bexifluoro-;CycIobiitine, 1 , 1 ,2a>pentiflu<^3Ktrifluoro!n^y)-;Cyck)butenc, 
3>3 A4netn^iion>-l-niethylsCyclobutanc, 1 -fluoio-l-methyl-;Bicyclo(2. 1 .0)pentanc, 
2A3 f 3-teti»fluoro-;Cyclopentene f 3*3-<iifluon>s i ,3-Cydopentadiene, 5-fluoro-;Cyclobutmc t 
2^difhioroaietfay]ene>l f U4-tetr«fhionh 

l 9 1^4,4-hexafluoro-;Bicyclo<1.1.1)pentaiie v 1 -fluorosCycIopentene, 
4 9 4-difluon>*;Cyclobiitane, (diflu<mKnechylcne)-;Cyc!obiiane. 
l,l^ifluon>2-methyl€ne-;Spiro(2^)pentine t l.l^ifhioro-^yclobutne. 
1 ,1 t 3 r 3-tetxifluoro-2-mcthy!ene-;Cyclobutme, 

2-<difluoromethylene> l f l-difluoro-,Spiro(2 .2)penttae, 1 , 1 A4-tctnfhioro-;Cycloprop«c, 
1 , 1 -bisCtrifluoromethylVjSpiroC^Jpcntane, 1 ,1 ^a-tetrafluoro-JricycloCl .1 ,0.02.4)butane, 
(trifluoromethy l>;Spiro(2^)pcntane t 1 ,4-difluoro-;Spiro(2 J)pentme, 
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I ,2Kiinuon>sSpiro(2.2)pentane, fluor©-;Bicyclo( 1 . 1 0)butine, 

l-(trifluoromcthyl>;CyclopcDtanc 1,2-difluoio-, cis-;Cydopropane, 

(1,1 ,2-trifluoroethy!)sCyclopropane, (1,1 -difluorocthyl>;Cyclopropanc, 

( 1 ,2,2-trinuorocthyl)sCyclopropane, (2J -difluorocthy l>;Cyclopropane, 

(2-fluorocthy!>;Cyclopropyl, l-fluoro-2, 2dimcthyl-;Cyclapropyl, l-fluoro-2, 3-dimethyh 

cis-;Cyclobutane, (trifluoromethyl)-;Fluoriraniuro, trimethyl-;Cyclopcntylium, 

1 -fluon>-;Cydopropane, 1 , 1 -difluoro-2-raetby U2-(trifluoraaieth yl)-;Cydopropane, 

1 -fluoro-2 t 3-dimcthyI-,(l .alpha^ ^phaJ^pha>;Cydopropane, 

1 •fluoro-2^-dimcthyl-,( 1 ^phi^.bcta-^.bcta.)-;CyclopTOptte, 

l-«thyl-2-fluorosCydoprop«ne, l-cthyl-2-fhioro-, trmssCydopropane, 

l-nuoro-2^imethyl^ 

l,l^trifluoro-2Ktrifhiorom^ 1 -(difluoromcthy 1> 1 -fhioro-2-raetfayK 

transsCydopropane. Hdifhwromethyl>l-flu^ 
1 t 1 ,2^-pentafluoroO-mctfay 1- ;Cydobutane, 

lJO»3-tetrafluoro-2Ktrifluorancthyl>;C^ (2-fluoroctfaenyl)sCydopropaDc, 

(Nflu<metheoyl>3icyclo(2.1.0)pemme 9 5>difluofo-;Cyclobutene, 

1 t 4 f 4-trifluoro-3-mcthylene-;C>x!opro^ 2-ctbeynyl-l, 1-difluoro-, 

homopolymerCyclobutme, HdifluaromethyleneH.l^flu^ 

1 , 1 a-trifluoro-2Ktrifhiorovinyl>;Cyclopcnta^ l-fhioro-;Cydopropane, 2-cthyl-l, 

1 -difluorosCydopropenc 3,3-difluoro- 1 Kpcmafl\wroethyl)-;Cyclopropane, 

1- methyl-2-(trifluoroincthylK cis-;Cydopropane, lHnethyl-2-(trifluonnediylK j 
trans-;Cydopropane, 1 ^cthylcne-2KtrifluorointthylV;Cyclopcm«Dc, / 
l,U^3,4>ociafhioit)-;Cyclopropanc, 1 -(difluoromcthyl)- 1 -fluoro-2-methyl-, 
rissCydopropane, K<lifluoromethyI>l-nuoro-2*methyK trans-;Cydopentane, 
l,U,2^3,44ieptafl^^ l^AS-panuftno-, 

dimer, 1 3-Cyclopcntadiene, 1,2^,5,5-ponafluoro-, dimcr,U-Cyclopentidicnc, 
1 ,24,5>P«tafhion>s 1 ,3-Cydopentadiene, lA4^4-peotafluoro-;Cyclopcntine f 
1 ^,4^^ttfhioro-4t«reoisoa^Cyclopartme, 

l t U4A5-hexjtfuoro%jtero^ 3-fluoro-l-mcdiyl*;Cyclopentene, 

1 ,4^tetrafluorosCydopemene, 3,3.4 AtetrafluorosCydopartcne, 

S^^^^-pcntafluoro-iCyclopcntenc, lA4,5>pcnt«fhiofO-;Cyclopcntene 1 

1 3^,4,4,5-hexanuoro-;Cyclq?ropinc, CU^-trifluoroetbylViCyclopcntBic, 

U;y^,4,3-beptafluorosCydotwt^ 2^,3-trifhioro-Mtrifluoi^ 

1 ^^^^^-hqrtafhioro-iCyclopentcnc 1 AS^^^.S-heptifluoip-jCyclobiiieiic. 

33,4,4-tctraflupn>-lKtrifluororacthyl>;Cyclopem^ 1,3,3,4,4,5,5-lwptoLfluoio- Cyclopropane, 

2- fluoro-l, l-dimethyl.;Cyclopaitanc, 1 f 1 ,4>hcpttfluoro-;Cyclobutanc 



Ul^-tctrafluoro-SKtrifluoromcthyl^iCyclopcntanc, fluoro-;Cyc!opentene* 
1,2,3,3,4,5-hexafluoro-, trans- ;Cyclopentane, I J-difluoro-;Cyclopentane, 
l,l 9 2 t 3 v 3.4 t S-heptafluoro- > stercoisomcr;Cyclopcntanc, 1,1,2,3,3,4,5-heptafluoro-, 
stereoisomer t Cyclopentane, l t l t 2 t 3 t 3»4 ? 5-hcptkfluoro-, cis,cis-;Cyclopentene, 
UJ^^^-hcxafluoro-iCyclopcntcnc, 1^,3,3,4,5-hcxafluoro-, cis-;Cyclopentane, 
1,1.2,3,4,5-hexafluoro-, stereo isomenCyclopentane, 1,1,2^,4,5-hexafluoro-, 
(2^Jpha. t 3.alpha.,4.beta. T 5^1pha.)-;Cyclopentanc t U^Af-hexafluoro-, 
stereoisomer.Cyclopentene, 1 3,4,4,5 t 5-hexafluOTO-;Cyclopentene, 
33,4/U^-hexafluoiTKCyclopentenc, l^Af-pentafluorosCydopenteDC, • 
l^^^^-pentafluoro-iCyclopcntane, 1 , 1 ^^3,4>octifluoro-;Cyclopenta*»e, 
l t 1^4.4,44-octafluoro-;Cyc!apentane, 1 J^A5-iwxiiuoro*;Cyclopropine 9 
2-ethcnyI-l J ~difluoro- Cyclopropane, 1 , 1 -difhioro-23-dimetfayl-, mntsCydopropaae, 1, 
l-difluoro-2, 3 -dimethyl-, cis-;Cyclobutane, ! , 1 ^-tetrafluoro-3*mediyie^;Cyck>butine, 
1 J^^.^hexafluoro-SKtrifluoranethylViC^clopentine, nonafluort>-;Cyclobutape, 
l t l t 2^-teir«fluofo-3Hnethyl-;Cyclopropane t 1,2-bis (trifiuoromethylKCyclobutene, 
1 33,4,4-pentafluoro-2-methyl-;Cycloproptne t 1 , 1 ^fluofT>-2J-diincthyKCyclopr0pane, 
1 -methyl- Htrifluoroinetfayl>;Cyclopropane v 1 1 1 -difluoro-^-dimethyl-; 1 -Butyne, 
1 ,3 ,4,4, 4-pentafluoroOKtrifhioromethy 1 y ; 1 ,3-Pentadiene, : 
Ul^^^^-octaflucro-jCyclobuteae, J 
1 ^3,4-pentafluoro-4-(trifluoromethyl)-; 1 ,3-Pcntadiene, j 
l t l f 2 Y 3*4 v 5^ v 5-octafluoro-;Spiro(2^)pcntane, octaftuoro-;Pemadieae, 
octafluoro-;l ,2-Butadiene, l,l t 4A4-pemafluoroO-<trifluora^ f 
1, UA4,54^-octafluoro-;CycIopropane, pentafhioro (trifluorovinyl>; 1 ,3-Pentadiene, 
1 9 l f 2 9 3 v 4 v S f 5 v S-octafluon>*; 1 ,4-Ptntadiene, 1, 1^ J t 4J^ ? -octiflooro-;Cyclopropene, 
3 3-difluoro- 1 ^-bis(triHuoromethyl)-;Cyclopentene t octafluoro-; 1 J-Butadienc, 
1 , 1 A4,4^entifluon>-3-(trifluofX)methy l>;Cyclotmtene, 

UJ,4,4-p«itafluoro-2Ktrifluoromethyl>-^-P«ityne, 1,1,1 ,4,44^,5-octafhioro-;2-Pentene f 
!,l t lZ3,4,44^>dccaftuoro-; 1 -Butane, 
I , 1 ,3,3 f 4,4,4-hcptafluoro-2-<trinuorom 
l v l^^etrafluoro-23*bis(tribluofomethylK cis-;Cyclopropane, 
1 , 1 ^3-tetrifluon>-2 t 3-bis<trifluoromethyI)- f trans- ;2-Pentene, 

1*1,1 ,2,3,4,4,3 ,5 ,5-decafluon>-;CycIopropane, pentafluoro(pentafluorocthyl)-;Cyclopropme, 

1 f 1^3-tetrafluoro-2 J-bis(trifluoromethyl>;Cyclo p r op*ne T 

1 , 1 J^-teti^uoro-33-bis(mfluoromethyI>-;Cyclopentine, decafluoro-, radical ion 

(l-);2-Pentene, 1,1,1^,3,4,4^^,5-decafluoro-^-Butene, 

1,1,1 ^ f 4 t 4,4-heptafluoro-3^trifluoromethyl)-;PeniyUdene, 
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lA243,4,4^JJ-decafluoro-;l-Butene. 

1 .UJ^^.^eptanuofo-S^trifluoromethylV^emene. decafluoro-jCyclobuiane, 
heptafluon)(trinuoiwnethyl).;l-Paitene, l,UJJ,4,4,5^,5-<lecafluon>-;Cydopentane, 
decanuoro-^-Cyclobuten-l-one, 2J,4,4-tetrafluoro-;Furan, tetrafluoro-;Sitan«, 
tetrakis(trifluoromethyl>;Sitane, trifluoro(nonafluorobutyl>;Pentane, 
l,l,U,2,4^,5^noMfluofo-;Pentane, l,l f UA3^-nonanuoro-;Pemmc 
l,l,U,243,4>noiianuoro-;Peatane, l,l,UJ^,54>nonafluofo-;Propm«, 
lJ,U4^*«xafluoro-2Hi»ethyl-2Ktrinuoroinethyl>;Bu««»e, 

l,lJA4,4^exaflu<mh2KtrifluoromethylKP«ntine, l,UA33,4.44-ao«»fluoro.;Butaiie, 

lJ,l,4,4Ahexafluoro-2Ktrinuoromelhyl>^»ropine, 

lJ,U3^-ho^uoro-2^-dimethyl-;Pentane, UW4-b«*flu«<>-;Bui«ie, 

I,l,U^^-hex«fluoro-2-methyJ-;Pentme, hexafluoro-;Pentme, lA34,44-heMfluoro-;Bu«ne, 

2K<lifluoit«ielhyl>IJ.U-teorfhiaio-3uttne, 

l^l^rifluoi©.2«triflii«oa^ 

l.l.l^^-hexafluoro-iPoiwic l,l.lA33-twufluoro.;P«it«»e, 2A3-trifluoro-;Penttne, 
2A4*ifluonh3oMne, l,l,l-trifhioro-2-niediyl-;Buone, l,l,l-trifluoro-2-meihyl-3i««ne, • 
1 A2-triftuoro-3-methyK3Bt«ne, U,3^fhioro-2-m«fayl-;ButtM, 
2^J-trifhiotx>-3-metby»-;ButiDe, 1,1,1 -trifluoro-2-methy l-3utme, 
l,U-trinuoio-3-melhyl-;PeBtiBe, 1 , 1 ,2-trifhioro-;Proptne, 

1,1,1 -trifluoro-i2-dimethyl--4»eBtme, l.U-trifluwosButme, l,l,l-«rifluo«o-3Hnethyl.;SiWne, 
(nonafluorobutyl>;Sitane, dimethylbis (trifluoiomethyl)-;Sil«ie, (dinuoromethyl) i 
(fluor«nethyl)m«hyl (trifluonm»ethyI>;Sil«ie. bis(difluorom«liyObis(nuoromediyl>:Siyie. 
(3,3,3^rifliioi©-2«trifluo™^ 

trifluorod-methylpropyOlSilaiie, (difluorwn«diyl) (fluoromediyl) dimethyl-;Siltne, 
tris(fluonm»ethyl)metty!-;Siline, (l,l^liiiitthyletliyl)trifluoro-;Sil«ne, 
trinuoro(2-fnetbylpropyl)-;SiUnc m«diyl(3J4-trifluoropropy>;Sitane, butytarifluoro-; 

EXAMPLE 51 

In a preferred embodiment, the dispersed phase 
can be composed of any chemical which has a boiling 
point under standard pressure conditions below the 
body temperature of the organism to which the 
formulation is to be administered and which will be 
examined following administration by ultrasound. 
Example 45 discusses how one selects suitable 
chemicals for the dispersed phase based on the 
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. temperature range obtained by consideration of the 
boiling point of the selected chemical and parameters 
of the manufacturing process. 

Fluorocarbons , because of their low toxicity, 
5 good emulsif ication properties, and low water 

solubility, leading to persistent microbubbles, are 
especially suitable as chemicals from which to select 
the dispersed phase: 

1,2,2-tris (trifluoromethyl) propane • 2,2-bis (trifluoromethyl) propane • 

10 2-methy 1-2 trifluoromethyl propane • tetrakis (trifluoromethyl) silane • 

methyl tris (trifluoromethyl) silane • bis (trifluoromethyl) dimethyl silane • 
trifluoromethyl trimethyl silane 1,1 -bis (trifluoromethyl) -2,2,3 ,3-tetrafluOro 
cyclopropane • 1,1-bis (trifluoromethyl) cyclopropane • 1,1-bis 
(trifluoromethyl) 2,2 difluoro cyclopropane • 1,1 -dimethyl 

15 (-2,2,3,3)-tetrafluoro cyclopropane • 2,2 difluoro l-memyl-l-trifluoromejhyl 

cyclopropane • 1,2-bis (trifluoromethyl) -1,2,3,3 tetrafluoro cyclopro 
(cis+trans) • 1,2-bis (trifluoromethyl) -1,2 -difluoro cyclopropane (cc 
trans) • 1^2-bis (trifluoromethyl) -3,3 difluoro cyclopropane • 1,2-bis t 
(trifluoromethyl) cyclopropane (ccs + trans) 1,1 A2,4,4^,5-octafluoro spiro 

20 [2.2]pentane • 1,1,2,2,-tetrafluoro spiro [2.2] pentane • 1,1,4,4-tetrafluoro 

spiro [2.2] pentane • 1,1,5,5-tetrafluoro spiro [2.2] pentane • 3,3,4,5 
tetrafluoro furar • tris (tri fluoromethyl) phospbire • 1,1^2,3,3,4,4,5,5, 
decafluoro cyclopentane 1,2,2,3,4,4,5,5-octafluoro bicyclo [1.1.1] pentane • 
2,2,4,4,5,5 hexafluoro bicyclo [1.1.1] pentane • lA2,3,4,4-hexafluoro 

25 bicyclo [1.1.1] pentane • lA2,3-tetrafluoro bicyclo [1.1.1] pentane 

2,2,3,3-tetrafluoro bicyclo [1.1.1] pentane • 1 ,2^3,3,4,4-pentafluoro 
-1 -trifluoromethyl cyclobutane, 2^,3,4,4-pentafluoro -1 -trifluoromethyl 
bicyclo [1.1.0] butane, 2,2,4,4-tetrafluoro 1 -trifluoromethyl bicyclo [1.1.0] 
butane • bicyclo [2.1.0] pentane. 
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EXAMPLE 52 

The following emulsions were formulated and 
tested according to methods described in Example 18. 

All solutions were made as a 2% solution in 
5 saline. A volume of 0.1 cc of each chemical was 

comminuted with 5 cc saline through a 3 -way stopcock 
for 25 passes. A volume of 1.0 mL of the mixture was 
immediately injected through a 1.2 pm filter into a 
stirring water bath containing 1000 mL water at 37°C. 
10 The resulting backscatter was then recorded with the 

use of a Hewlett-Packard 77020A Ultrasound System at 
5.0 mHz . 

Ratio of Ratio of 

Chemical B.P. f°Q VfMT BOMB M,W, Emififfltt ImflHltY 

15 saline + air 1 0.0 

Nonane 151 10 mmHg at 20*0 128 J 9 0.5 

1,2, Dichterocthane 83 87 mmHg at 25 # C 98.9 6 0.25 
Halothane 50 300 mmHg at 25 # C 197.4 6 0.25 

Perfluorodecalin 141 6.6 mmHg at 25 # C 462.1 9 2.0 
20 Dodccafluoropentape 29 646 mmHg at 25 # C 288.1 24 5.0 

The chemical with the lowest boiling point and I 
highest vapor pressure, dodecaf luoropentane , produced 
the most backscatter (brightest contrast) which 
persisted the longest and slowly diminished over 4-^5 

25 minutes. The high boiling and low vapor pressure 

chemicals, nonane and perfluorodecalin, resulted in 
some backscatter (less pronounced than 
dodecaf luoropentane) which rapidly diminished within 
1.5 minutes with perfluorodecalin providing greater 

30 backscatter than nonane. The ethanes, dichloroethane 

and halothane, also resulted in minimal backscatter 
that diminished to baseline within 1 minute. Mixture 
of saline and air provided the least amount of 
backscatter which persisted for 5*10 seconds. 

35 If the degree of persistance of saline+air is 

set as 1, then dodecaf luoropentane would be 24 -times 
greater. If backscatter intensity is qualitatively 
ranked from 0 to 5, then saline+air would be 0 and 
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dodecafluoropentane would be 5 with nonane, 1,2,- 
dechloroethane, halothane and perf luorodecaline being 
0.5, 0.25, 0.25 and 2.0, respectively. 

EXAMPLE 53 

The objective of this study was to evaluate the 
potential that an intravenous administration of the 
emulsions of the invention, at doses effective in 
producing ultrasound contrast, to New Zealand White 
rabbits would produce the hyperinf lated non- 
collapsible lung (HNCL) syndrome. HNCL syndrome has 
been produced by a number of fluorocarbon emulsions, 
including 20% Fluosol*, an F.D.A. -approved 
intravascular perfluorochemical emulsion (described 
in patent JP 1609986 and incorporated herein by 
reference) , emulsions containing 

perf luorooctylbromide (described in patent US4 987154 
and incorporated herein by reference) , and other 
fluorocarbon emulsions (described in patents or 
applications EP 231091, JP 63060943, US 4859363, US 
5171755, and JP 21196730, incorporated herein by 1 
reference). The mechanism of HNCL syndrome 
production, its potential reversibility, and the 
clinical significance are not known. The syndrome is 
characterized by lungs which are hyperinf lated at 
necropsy, have an increased total volume, a decreased 
mean density, and contain detectable quantities of 
the administered fluorocarbon in the tissues. Leland 
Clark, the discoverer of HNCL, has stated (Clark LC, 
et al., Biomat., Art. Cells & Immob. Biotech., 20, 
1085-1099, 1992, incorporated herein by reference) 
that "if HNCL occurs in other species (i.e., humans), 
then only f luorocarbons boiling above 150°C can be 
considered safe . " 

Four groups of male New Zealand White rabbits 
(3 per group) were intravenously administered the 
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emulsion of Example 44 at 0.2 or 1.0 mL/kg 
bodyweight, Fluosol (Alpha Therapeutic Corp.) at 
24 mL/kg bodyweight, or saline at 24 mL/kg. The ' 
doses were selected based on a dose which produces 
ultrasound contrast. Body weights, food consumption, 
and clinical observations were made during and 
immediately following administration. Twenty- four, 
hours after administration the rabbits were 
euthanized, the lungs excised, and the degree of 
inflation graded, the weights and volumes of the 
lungs measured, and the presence of perf luorocarbons 
in the tissue determined by gas chromatography, using 
a head space analyzer. 

The lungs of rabbits receiving saline, or the 
emulsion of Example 44 were normal at necropsy, 
collapsing upon opening the thorax. The lungs of the 
rabbits receiving Fluosol showed moderate to severe 
inflation. 

There were no treatment -related changes among 
the groups in lung weights or lung- weight -to- 
bodyweight ratio. The lung volume, lung-volume- to-| 
bodyweight ratio, and lung density measurements in - 
the rabbits administered the emulsion of Example 44 
were unchanged compared to controls. The 
administration of Fluosol lead to a 175% increase in 
lung volume, a 185% increase in lung-to-body weight 
ratio, and a 45% decrease in lung density when 
compared to controls. These changes were highly 
significant (p»0.001) . 

Dodecaf luoropentane was not detected during 
analysis of lung tissue from any animal in the group 
receiving the emulsions of Example 44. Fluosol 
contains four major peaks and one minor peak by gas 
chromatographic analysis. All five peaks were found 
in gas chromatograms of headspace tissue samples from 
animals receiving Fluosol. 
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Under the conditions of the study, a single 
administration of the emulsion of Example 44 at 
dosages producing excellent ultrasound contrast 
showed no effect on lung inflation, weight, or 
5 density, did not yield detectable levels of 

dodecaf luoropentane in lung tissues, and is not 
considered to cause the hyperinf lated non-collapsible 
lung syndrome in the rabbit. 

The emulsions formed by the methods described in 

10 the prior art produced this unsafe condition at doses 

which were necessary to produce ultrasound contrast, 
while surprisingly, emulsions with f luorocarbons 
which boil as low as 29 P C, formulated by the methods 
described in the instant application, did not produce 

15 HNCL. 

EXAMPLE 54 . ' 

A pharmacokinetic study was performed in beagle* 
dogs administered a single intravenous dose of the ( 
emulsion of Example 44 over 5-8 seconds at 0.05, j 

20 0.10, and 0.15 mL/kg by obtaining multiple, timed ■ 

blood samples and quantifying the dodecaf luoropentane 
content by a validated gas chromatography assay. 
Twenty- four dogs, twelve males and twelve females, 
were studied in three dosage groups. 

25 The data was fitted to a two compartment model 

with a bolus input and a first order output. There 
was no significant difference when comparing the 
males and females separately or when comparing the 
three dosage groups. 

30 The distribution phase varied from 0.9 to 

1.3 minutes. The elimination phase varied from 30 to 
48 minutes. The t.^ (time to maximum concentration 
in the second compartment) varied from 5.1 to 
6.6 minutes. These elimination times are compared to 

35 the elimination times of fluorocarbon emulsions of 
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the prior art which are measured in months (see Clark 
et al. above). Clearly an imaging agent which clears 
the body in a matter of hours is preferred. 

EXAMPLE 55 

Emulsions of dodecaf luoropentane (boiling point 
28-29°C) , a mixture of dodecaf luoropentane and 
decaf luorobutane with a boiling point of 20.0°C, and 
perfluorocyclopentane (boiling point of 22.5°C) were 
formed and their echogenicity, tested. The emulsions 
contained Fluorad 170 C as surfactant and were formed 
by applying acoustic energy from a waterbath 
sonicator. Echogenicity was tested by adding 0 12 mL 
of each emulsion to 1000 mL of water at 37° C through 
a 1.2 micron filter and measuring the videodensity by. 
the methods described in Example 1 . The emulsion : • 
containing dodecaf luoropentane produced a grayscale 
intensity six seconds following administration of 
58.5 units (background of 2.9), the mixture of 
fluorocarbons produced an increase of 3.0 to 133.3 
under the same conditions, and the { 
perfluorocyclopentane produced the greatest increase, 
of from 3.6 to 158.9. Thus, the lower boiling 
fluorocarbons produced greater echogenicity than the 
higher boiling fluorocarbons. 

EXAMPLE 56 

Useful ultrasound contrast agent formulations 
are formed by stabilizing dispersions of a low 
boiling chemical with emulsions containing a 
dispersed phase which is composed of chemicals which 
themselves do not vaporize to an appreciable extent 
at the body temperature of an organism undergoing an 
ultrasound examination. For example, f luorocarbon- 
or hydrocarbon -containing emulsions which are 
composed of high boiling dispersed phases, as 
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described in US 4,767,410, US .4, 987, 154 , JP 2196730, 
JP 1609986, JP 63060943, and EP 245019, incorporated 
herein by reference can form the basis of a 
formulation in which the backscatter efficiency is ■ 
5 greatly enhanced by the addition of a high vapor 

pressure chemical. For example, lecithin-stabilized 
perf luorooctylbromide emulsions have significantly 
increased echogenicity if perf luorocyclopentane 
(boiling point - 22°C) is added to the dispersed 
10 phase prior to comminution- Other low boiling 

organic halides, hydrocarbons, or ethers have the 
same effect. 

Although the invention has been described in 
some respects with reference to specified preferred 

15 embodiments thereof, many variations and 

modifications will be apparent to those skilled in 
the art. It is, therefore, the intention that the 
following claims not be given a restrictive 
interpretation but should be viewed to encompass such 

20 variations and modifications that may be routinely 

derived from the inventive subject matter disclosed I 
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What is claimed is: 

1. A stable, biocompatible colloidal 
dispersion comprising a liquid dispersed phase and an 
aqueous continuous phase, said dispersed phase 

5 comprising a liquid having a boiling point below 

about 40 °C. 

2. The colloidal dispersion of claim 1 
wherein said chemical is selected from the group 
consisting of aliphatic hydrocarbons, organic 

10 halides, and ethers, where each member of the group 

has six or fewer carbon atoms. 

3. The colloidal dispersion of claim 1 wherein 
said chemical is a fluorine -containing compound. 

4. The colloidal dispersion of claim 1 wherein 
15 said fluorine-containing compound has a molecular / 

weight of less than 300. j 

5. The colloidal dispersion of claim 2 wherein 
said chemical is selected from the group consisting 
of n-pentane f isopentane, neopentane, cyclopentane, 

2 0 butane , cyclobut ane , decaf luorobutane , 

dodecaf luoropentane , dodecaf luoroneopentane , 
perf luorocyclopentane . 

6. The colloidal dispersion of claim 1 wherein 
said dispersion further comprises an amphiphilic 

25 material. 

7. The colloidal dispersion of claim 6 wherein 
said amphiphilic material has a relative HLB matched 
to said dispersed phase liquid. 
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8., The colloidal dispersion of claim 6 wherein 
said amphiphilic material comprises a biocompatible 
protein. 

9. The colloidal dispersion of claim 6 wherein 
said amphiphilic material comprises at least one 
surfactant . 

10. The colloidal dispersion of claim 8 wherein 
said protein is selected from the group consisting of 
albumin, fibrinogen, fibrin, serum globulins, 
hemoglobin, myoglobin, and immunoglobulins. 

11. The colloidal dispersion of claim 6 wherein 
said amphiphilic material comprises a 
polyoxypropylene-polyoxyethylene glycol nonionic 
block copolymer. 

12 . The colloidal dispersion of claim 11 j 
wherein said amphiphilic material is selected from J 
the group consisting of Poloxamer 181, 188, 231, 282 ■ 
331, 401, 402, and 403. \ 

13. The colloidal dispersion of claim 7 wherein 
said amphiphilic material comprises a fluorine* 
containing surfactant. 

14. The colloidal dispersion of claim 13 
wherein said fluorine containing surfactant is 
selected from the group consisting of Zonyl FSO, FSN, 
FSA, and FSJ. 

15. The colloidal dispersion of claim 7 wherein 
said amphiphilic material is selected from the group 
of surfactants consisting of anionic, cationic, 
nonionic, or zwitterionic molecules. 
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16. The colloidal dispersion of claim 7 wherein 
said amphiphilic material, comprises at least one 
surfactant selected from the group of surfactants 
which contain, as hydrophilic groups, one or more of 
the following chemical groups: sulfonate, sulfate, 
carboxylate, phosphate, ammonium, quaternary 
ammonium, betaines, sulfobetaines, polyoxyethylene, 
polyols, alcohols, ethers, polypeptide, or 
polyglycidyl ; and as hydrophobic groups, one or more 
of the following chemical groups: fatty acids, 
paraffins, olefins, alkyl benzenes, alcohols, 
alkylphetiols, polyoxypropylenes, polypeptides, 

f luorocarbons, and silicones. 

17. The colloidal dispersion of claim 7 wherein 
said amphiphilic material is present at a 
concentration such that the interfacial tension 
between water and the liquid dispersed phase is less 
than 26 dynes/cm. 

18. The colloidal dispersion of claim 7 wherein 
said amphiphilic material is present at a / 
concentration greater than 0.001% by weight per 
volume . 

19. The colloidal dispersion of claim 1 wherein 
said dispersion further comprises a viscogen. 

20. The colloidal dispersion of claim 19 
wherein said viscogen is selected from the group 
consisting of glucose, iohexol, iopamidol, iopentol, 
sorbitol, sucrose, and polyethylene glycol. 

21. The colloidal dispersion of claim 19 
wherein the viscogen is present at a concentration 
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sufficient to produce a viscosity greater than 1.1 

CP. 

22. The colloidal dispersion of claim 19' 
wherein the viscogen is present at a concentration of 

5 between 0.001 and 75% by weight per volume. 

23. The colloidal dispersion of claim 1 wherein 
said liquid dispersed phase comprises particles 
having an average diameter less than 1000 nm. 

24. The colloidal dispersion of claim 1 wherein 
10 the concentration of said liquid dispersed phase is 

between 0.00001 to 166% by weight per volume. 

25. The colloidal dispersion of claim 1 wherein . 
the aqueous medium comprises an additive selected 
from the group of acidifying agents, alkalizing , 

15 agents, antimicrobial preservatives, antioxidants, 

buffering agents, chelating agents, complexing 
agents, solubilizing agents, huraectants, solvents, 
suspending agents, viscosity- increasing agents and f 
tonicity agents. 

20 26. The colloidal dispersion of claim 25 

wherein said additive is present at a concentration 
such that the osmolarity of said aqueous medium is at 
least 250 mOm. 

27. The colloidal dispersion of claim 1 wherein 
25 said liquid comprises a chemical selected from the 

group of chemicals containing 4 to 17 atoms. 

28. The colloidal dispersion of claim 1 wherein 
said liquid comprises a chemical selected from the 
group of chemicals of the form C 5 H x F y . 



74 



WO 94/16739 



PCT/US94/00422 



29. A biocompatible colloidal dispersion for 
use in ultrasound imaging of an animal having a body 
temperature T comprising a dispersed phase and an, 
aqueous continuous phase, said dispersed phase 

5 including a chemical with a sufficiently high vapor 

pressure that a portion of said chemical is a gas at 
the temperature T. 

30. A method of ultrasound imaging in an animal 
comprising the steps of: 

10 (1) preparing a stable, biocompatible colloidal 

dispersion comprising a liquid dispersed phase and an 
aqueous continuous phase, said dispersed phase 
comprising a liquid having a boiling point below the 
body temperature of said animal. 

15 (2) administering said dispersion to said animal! 

to be imaged and waiting a time sufficient for said 
liquid dispersed phase to form microbubbles; and 

(3) performing an ultrasound scan on a portior 
of said animal in which said microbubbles are 

20 distributed. -i 

/ 

t. 

31. A method as in claim 30 wherein said 
chemical is selected from the group consisting of 
aliphatic hydrocarbons, organic halides, and ethers 
having six or fewer carbon atoms. 

25 32. A method of preparing a storage stable 

colloidal dispersion comprising the steps of 

(a) mixing at least one amphiphilic material 
with water to form an aqueous continuous phase; 

(b) adding a liquid having a boiling point of 
30 less than 37 °C to said continuous phase; 

(c) comminuting the mixture manually, 
mechanically, or by the action of ultrasound for a 
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time sufficient to form a dispersion of particles 
with an average diameter of less than 5000 nm. 

33. A method of preparing a storage stable 
colloidal dispersion comprising the steps of 
5 (a) mixing at least one amphiphilic material 

with water to form an aqueous continuous phase; 

(b) adding an amount of a gas which has a 
boiling point less than 37°C to said continuous 
phase; and 

10 (c) condensing said gas to form a liquid 

dispersed phase of particles with an average diameter 
of less than 5000 nm. 
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